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ON THE STATISTICAL THEORY OF NEUTRAL ATOMS * 

By PANNA LAL, M.Sc., 

Research Scholar) 

AND 

KOSTURI LAL, M.Sc., 

Physics Department, University of the Panjab, Lahore. 

(Received for publication, 23rd August, 1935.) 

ABSTRACT. Binding energy of the atom has been calculated in an elementary way on the 
Thouias-Fermi statistical model by neglecting the interaction between the extra-nuclear 
electrons., The value.s of the energy so obtained are compared with those calculated by Jensen 
Hartree, and a good agreement is found for not very heavy atoms. An expression for the radius 
of the neutral atom is also obtained. 


§1, INTRODUCTION. 

The study of the properties of the atom on the statistical basis was started by 
Thomas > and by Fermi * on the consideration that the extra-nuclear electrons 
exist in a totally degenerate state and hence Fermi-Dirac ® statistics is applicable 
to them . They further assumed that the atom is spherically symmetrical and the 
conditions of the electrons are such that the relativity effect can be neglected. 
Working on these lines they calculated the atomic field and showed that the 
periodic table could be qualitatively explained. Expressions for the spectral 
term-values of the atom have also been obtained which are in agreement with 
experimental results. Alternative methods for calculating the atomic field and 
the other properties of the atom have been put forward by Hartree, Fock and 
Slater,® which also, under certain conditions give quite satisfactory results. 


♦ Communicated by the Iii(Jian>ysical Society. 
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The justification for the Tfiomas-Fcrmi model Has been recently shown by 
Dirac ^ on the basis of iicav quantum mechanics. He gets an expression for the 
potential of the atom which is essentially the same as that derived for the Thomas- 
Fermi model. 'Ihere is, of course, an extra term which is due to the exchange 
effect and is negligible in comparison with the rest. The calculations for the 
binding energy of the atom on the basis of Thomas-Fermi model were first done 
by Milne® and later on supplemented by Taylor and vSommcrfeld. Recently, a 
modified Thomas-Fermi potential has been very satisfactorily developed by Jensen® 
who also calculates the binding energy of the atom on the lines of Milne, Taylor 
and Sommerfcld. It is to be emphasised that all the results show that the binding 
energy of the atom varies as the seven /third power of the atomic number, viz., 
Hoc Z‘*, a result which is supported by observations. I 

The object of the present paper is to study the statistical pronerlies of the 
atom from an elementary j)oint of view neglecting the interaction between the 
electrons, 'rhis enables us to avoid numerical calculations as arc necessitated by 
the method of Thomas and P'ermi and others. The jtrocedure will be the same 
as that followed by Fowler’ ** and Stoner'^ in calculating the density and other 
properties of White-dwarf stars. It is to be remarked that even this approxima- 
tion enables us to explain the qualitative behaviour of the atom and gives results 
which are in agreement with those given by Hartree. ^ ^ 


§[3. CALCUIvATION OF THE FINDING ENERGY OF THE 

NEUTRAL ATOM. 

The expression for the kinetic energy of the electrons obeying the Fcrmi- 
Dirac statistics, as is well known, is 

f 3w 

5Tn J 

where n denotes the number of electrons per unit volume and G, the weight factor 
which is equal to 3 in the case of electrons. 

For an atom of atomic number Z, the kinetic energy is reduced to — 


, Q ^ 

407rJm 


... (i) 


Further, taking' the atom to be spherically symmetrical and denoting: its 
radius by tq we obtain the potential energy of the atom, 

h) 

2 Tq 
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where the value of tq is given by the relation 


?L = irrm* 


that is 


n 




ro 

. 3 . 

n 


i 


... (3) 


the term «/Z representmg the number of atoms per unit volume. 
Or, substituting the value of tq in {2) 

E = - i zS MV 

PO**- 2 \Z } 


( 4 ) 


Thus from (i) and (4) we obtain for the total energy of the atom, neglecting 
interaction between the extra-nuclear electrons. 


jvhere 


E=BM^^—An^ 


3 \ 3 ; 


.... (5) 


... (6). 


B= ^ Z| 3 

40 ‘ ”■ 

Applying the minimum energy condition, viz., 'dEldn~o, yve get 

- 2® 


n “ = 


.. (7) 


Substituting this value in (5) and remembering the relation (6), the expression 
for the total energy, of the atom is reduced to 


E=- 


2 V 3 , 


40 m 




or, neglecting the sign convention, jve obtain 

E =0-5094 

B 


( 8 ) 




Khere 
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and represents the radius of the first circular orbit of the hydrogen atom. 

Expressed in electron-volts the total energy is 

E=I4'6 e.v. ... (9) 

.whereas using modified Fermi field and taking the interaction term into account 
Jensen finds 

c® 1. 

E=o768 — Z® ... (10) 

“h 

=22’o Z^ e.v. ... (ii) 

Now, the binding energy of the atom which is the same as the lotal sum of 
the successive ionization potentials of the atom, has been calculated^ by Hartree 
on the method of self-consistent field and his results are shown in cd(lumn (2) of 
Table I. The values of the binding energy as calculated from (9) <md (ii) are 
also given in columns (3) and (4) respectively for comparison. To make the com- 
parison at a glance the total binding energy as calculated by Hartree and from the 
equations (8) and (10) have been plotted against the atomic number Z in Figure i. 



Tlie graph brings out clearly ttiat for not-very-heavy elements we are suffi- 
ciently justified in neglecting the interaction term, and the results are in better 
agreement with those of Hartree. 
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Moreover, it is expected that the values calculated from our equation (8) 
(without interaction) should be the lower limit of energy of which the upper limit 
is given by Jensen’s formula (lo) (with interaction) ; and Hartree’s estimation 
should be midway between the two. This is actually the case, as shown by the 
three curves. 


TabIvE I. 


(I) 

z 

(2) 

N 

(3) 

14‘6 

equation ( 8 ) 

( 4 ) 

22 '04 

equation (10) 

1 

i 3‘5 

14 6 

22 '04 

2 

So 

73 '6 

iii'i 

8 

2000 

1070 

2821 

26 

33600 

29250 

44140 

47 

138000 

116400 

175600 


§3. CAI^CUI/ATION OP THE RADIUS OR THE NEUTRAD ATOMS 

Substituting the value of » as given by; (7) in (3), y?e get, for the radius 
of the neutral atom 



Putting Z^z, Hte obtain if or hydrogen 

fo=Z.*a7a Pfl • 

Considering the fact that interaction contribution has been neglected and that 
the application of statistical mechanics is not very, much justified in the case of 
hydrogen, we see that the expression for the radius is not very far from the mark. 
Further, (12) shoyvs that, as yve go to higher atoms, tq, the radius, decreases. 
This is in conformity, yvith the experimental determinations of ,W . L. Bragg ^ ® fot 
atoms of low atomic yveights. 

In conclusion we thank Dr. R. C. Majumdar for his kind interest in oui 


work. 
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ON THE DISSOCIATION OF SnCI AND SnCI/ 

By H. LESSHEIM 

AND 

R. SAMUEL 

(Received for puhlicationf September 26tht 1935,) 

In an earlier paper' we have discussed the dissociation of tin monochloride 
on the basis of the linkage being covalent. Since objections have been raised ^ 
against this point of view, we arc taking up the matter again in this paper, be- 
cause wc think the question of the bond to be of considerable importance. 

At first we consider the behaviour of SnCl on the assumption that the bond 
is covalent. If an atom of the fourth group, i,e., with two 5 and two -p electrons, 
combines with a halogen atom, one of the p electrons remains without taking 
part in the linkage. We have shown in several papers that the excitation or 
the removal of an odd electron, which does not lake part in the linkage, increases 
the bond energy^ 'rtierefoi'c wc have to expect that the * Radical'' SnCl 
possesses a term with an energy of dissociation greater than that of the ground 
level, if this odd electron is excited. So the products of dissociation will be Sn 
in an excited term and Cl in its ground level. 



Figure I. 


Franck-Condon diagram of SnCl. 

(The figures vary slightly according to the band system employed in calculating.) 
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In SnCl tHree electronic levels are measured (Figure i). Tfie ground level *II 
Has a dissociation energy of from 3'2 to 3’5 volts according to which band system is 
eniidoyed in the calculation. In the next higer level ^A, lying at 3*5 volts, the 
energy of dissociation is reduced to o‘6 volts and increases again to 5‘s or 5*8 
volts in the term lying at 4‘2 volts. From the ground level of the normal 
atoms Sn ^P) and Cl {s^p^ ^P) we obtain the following configuration for 

the ground state of the molecule : — 

: <r^{s) a-^ip) tr^iP) ir*{p). 

If the bonding p electron of Sn, which can be in either (r*(p) or v*ip), 
passes into the outer rr*{p) group, we obtain : — i 

o-*(s) (r»2(j) <r2(^) n^{p) ^ 

or 

o- 2 (s) (r*®(s) (r(p) 7 r*(p) 

Klcctronic ter-ms of various kinds belong to these configurations, among 
them ^A like the measured one. It is characteristic for these configurations, 
that the bonding Sn-electron, which was in a complete group before, is now trans- 
ferred to an incomplete one. Accordingly the bond must be considerably 
loosened. There is 110 change of the quantum numbers of the electrons in the 
separated atoms, and the extrapolated energy difference of the dissociation pro- 
ducts of o'7 to I'o volts can easily be explained by the splitting of the term 
of Sn which is about half a volt. Therefore it is not surprising that tlie other 
component of the ground level, ^ITij runs to the same atomic level as the two 
components of the ^A term. 

Excited terms of the molecule arise, when the single rr(p) electron is 
transferred to a o' group. For this purpose the groups f^*{P) and (r{d) are at our 
disposal. The term with the configuration 

o-2{s) o-*2(s) a-^ip) n*{p) — o-*(p) 

would dissociate into nonnal atoms and is therefore not the measured one. The 
configuration, which we have to expect for it, is : — 

‘-’E. (r2(s) cr^(P) n^ip)-cr(d) 

• 

The ]jroducts of dissociation in this case will be Sn (55^ 5/> 5^) and unexcited 
Cl. The lower terms of Sn with the configuration 5/) 5d are all of them situated 
at about 5’5 volis, which is in accord with the extrapolated difference of energy. 
Since the exfitation concerns the odd and disturbing electron, the bond is 
strengthened. 
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Recently, however, Trivedi in a paper® on the photodissociation of SnClg 
has tried to prove the ionic nature of the bond of SnClg as well as of SnCl. For 
this purpose he calculates again the energies of dissociation of the different elec- 
tronic terms of SnCl by linear extrapolation of the vibrational levels (Hirge- 
Sponer method and constructs again the U: r diagram (B'igure i). Then he 
pi'oceeds to show that the energy difference of o‘6 volt between tlie lowest level 
of the separated atoms, which is involved in the ground level and the 
second level of the separated atoms, from which tlie terms and ®A origi- 
nate, agrees fairly well with the term difference 5s® 5P — 5^2 of 

Sn.^ Furthermore, the energy difference of 5's volts between the lowest atomic 
level and that which is involved in the ®5 term can be accounted for as the tran- 
sition 5s sP'^ *P — 5s'^ sp ®P of SiT. 

As to these figures, we have already seen above, that they can be interpreted 
with equal case as tei'iii differences of neutral Sn. Thus the term difference 

a “ of Sn^ and '’Pg - ^Pq of Sn differ by 815 cm~' or o’l volt only and 

the linear extrapolation is of course not qualified to distinguish between these two 
values ; the possible error of extrapolation may be estimated in this case to rough- 
ly 10% of the sum of the dissociation energies employed, or about 0*7 volts. 
Similar remarks api)ly to the two possible interpretations of the energy difference 
of 5 5 volts. 

The whole procedure of Trivedi’s is, however, inconclusive and meaningless. 
If SnCl was an elcctrovalent molecule, he was not allowed to employ the 
Birge-Sponcr method of extrapolation which is particularly adapted to the covalent 
bond. Tlie mere fact that it has been possible to obtain some kind of reasonable 
correlation by it is sufficient proof for the covalent nature of the bond.* 

The potential functions of the covalent and of the elcctrovalent bond are 
fundamentally different. 'I'he potential for large internuclear distances behaves 

like ~ in the case of the ionic curve on account of Coulomb , forces, whereas 

• The terminology applied in Birge and Sponer’s original paper is slightly different from 
that used here. At that time it was believed, that molecules exist {i.e., with strong dipole 
moments) which, although made up of atoms at small internuclear distances, dissociate into 
ions at larger distances. In the present paper a molecule is termed covalent, if the 
potential curve of the ground state is correlated to atoms by adiabatic extrapolation and is 
‘‘electro valent,*' if this curve involves ions in this manner. It has been shown, that this 
conception is sufficient to explain all the experimental phenomena (although the potential curve 
of the ground level of a particular molecule may be an atomic one in the vapour state, the ionic 
curve being above it, in the liquid state, the latter one may well happen to intersect the atomic 
one, forming now the lowest level.) (Cf. e.g., Samuel and Lorenz, Z. Phys. 59, 53, 1929, 
Lessheim and Samuel, Proc. Tnd. Ac. Sci., 1 . 623, i935, section XITI.) Birge and Sponer have 
shown, that their method could not be applied even to that third class of molecule.s described 
a^.jve, if such molecules did exist, c.^. on account of hybridisation of two curves at small 
internuclear distances. 

2 
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2 r\ 


. . 1 =nl '-C < i« covalent curve.® 

it is approximately constant -o(.-c , 

■iu lint Ihe same formula represents the vibrational 
Tberefoie it is not possi ) * - .t - i yrf 


levels of an ionic and a covalent term, 


and so the methods of extrapolation, uhich 
ic anu « formulae, are bound to differ. 

wake use of the differentia coe in procedure to estimate the highest 

m. BtecW method .» ”, a, ease of iooic btodin,, 

Vitataal levels.™. l.y Coulombs law into tbe law 

where an inverse stjuare power of r is nitiodu y 

of force 71 has no niaxinmm value, bnt becomes infinite ill .spite t c energy t 

toiaiiou beta* «c.« Therefore the 

a„i,l, cable and any mrtrapolallon on these lines .s meanmtrless. All thus .s of 
course fully discussed in Birge and Sponcr's original paper, inentionlpd cxifficitiy 
in its abstract and even in its title. Accordingly, Soinnieriiieyer^, c.g., in his 
investigation on the absorption spectra of alkali halides, has refrained from extra- 
polating the ionic curves themselves. What he has determined is in reality the 
energy of transition of the molecule to its first excited term. He has further 
discussed the possibilities that exist at present to determine the course of the ionic 
potential curve itself and its energy of dissociation, and has shown that a correct 
theoretical formula whid^h could be extrapolated is not yet available at present 
and that a half empirical formula reprevSenting the course of the ionic curve can be 
obtained only by making use of the dissociation energy krfown beforehand from 
other measurements. Trivedi's opinion, that strong arguments against the applica- 
tion of the Birge-Sponcr method to ionic molecules do not exist, cannot therefore 
be understood. If SnCl was an ionic molecule, the only reliable statement on its 
energies of dissocciation would be, that the latter ones are certainly different from 
those extrapolated by the Birge-Sponer method, i,e. by assuming the potential 
function of a covalent molecule. 


The covalent nature of the bond is furthermore established by the existence 
of the term found by Ferguson.® A molecule Sn'*'Cl“ in which only one 
electron is left on molecular orbitals, cannot possess a A term; at least two p 
electrons would be necessary to reach the A value of 2 . That the term in question 
is a A term is well established, and it is quite incorrect to say (as Trivedi does), 
that this classification was based on inferences made from re.sults of a very 
imperfect measurement of the intensity of the bands." For any one acquainted 
with the principles of band spectroscopy, the arguments for this classification 
are clcaily stated by Ferguson. They are as follows : 

The bands observed by him form a transition to the known ^11 term. They 
show strong Q heads, therefore a transition — ® II is excluded. The doublet 
separation of the new bands is different from that of the ^11 tenn, this excludes 
a transition Hence the transition is classified as ^A-^II. This is 
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but corroborated by the intensity distribution of the bands, and there is not 
the slightest reason to assume, that this was “ very imperfect." 

Since the term could not exist, if the molecule was composed of a 
Sn'^ and a Cl“ ion, Trivedi tries to explain away its existence by assuming 
a different case of coupling. Even if this was possible, it would be pure 
conjecture, since not the slightest piece of evidence can be brought forward lo 
support such an assumption, and such a point of view would hardly be^con- 
vincing, because a different interpretation of other authors’ experiments, 
without ac'cess to their plates and without intimate knowledge of the experimental 
details, is always difficult and rarely successful. 

Further, it can be seen that such an interpretation is simply impossible. In 
the electric field a *P term gives 3 components separating into a single term 
and a double term. It is quite common knowledge, that any other way of 
denumerating the terms or another case of coupling, never changes the number 
of conipoueiits. An interpretation, which, like Trivedi’s, suddenly obtains 4 com- 
I)oneut& of the term at the same internuclear distance, is quite incorrect. 

Furthermore, since according to Trivedi ’s view SnCl is composed of ions, 
the term order of Sn'’’ should be preserved and the ^5 term be the ground state 
of the molecule. The two upper terms with = j and i|, — ^provided case 

(c) occurs at all — , which Trivedi thinks w'ill merge into one level on 
changing to case (a), are then in fact the same two levels, only considered 
from the standi)oint of a different coupling. Finally they cannot merge at all 
on decreasing internuclear distance, because owing to an increasing molecular 
field their separation will be enhanced. 

How far the concepts w'hicli have been worked out for covalent molecules 
can be applied to ionic linkage, is extremely doubtful, but in any case the 
intcrnuclCcir distance of such a molecule wall be large enough to make a com- 
parison with a hydride, like CaH, quite impossible, which approaches the " united 
atom ’ ’ on account of the dimensions of the proton. 

Thus it may well be said, that the hypothesis of an electrovalent character 
of the bond of SnCl is not supported by any of the arguments, proposed by 
Trivedi. The same is true about his own experiments on SnCl2. Indeed the 
chaiacter of the Sn - Cl bond does not play any part m tlie interpretation of 
Trivedi’s experiments. Even if a satisfactory correlation of . the different regions 
of absorption of SnCl^ to the terms of the molecule SnCl was possible, these 
latter terms are an experimental fact and they would be recognised in the 
spectrum of SnCla quite independently of the electronic configurations by which 
they are produced. Mention should be made, however, of an earlier paper 
on the absorption spectrmn of SnClg by Butkovv ® who contests Trivedi s inter- 
pretation (known to him from a preliminary note).^ His figure for the difference 
of the two first red wave limits is not. a38s cm“ ' , which agrees more or less with 
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the abovementioned term difference of SnCl, but 4 ^ 3 *^ \ which does not 

apree. Actually either figure does not prove very much, because the red wave 
limit may be shifted inside wide limits by higher temperature and higher pressure 
according to the number of molecules which are present in higher vibrational 
levels of the ground term. Therefore Franck and his collaborators have pointed 
out several times, that the distance of the TOflacima should be taken, Avhenever 
it is possible, because they are less affected by the varying experimental conditions. 
This distance of the maxima is made use of by Butkow and is determined by him 
to be 6990 cm“^, which figure does not agree at all with the term difference of the 
molecule vSnCl. Therefore Butkow ’s interpretation cannot easily be rejected, 
according to which this absorption maximum is not at all due to the molecule 
SnClg but to polymerised molecules (SnCl2)2> in the case of AuCl ahd CuCl. 

When, further, Trivedi quotes the diamagnetic character of \ the SnCl2 
molecule in support of his assumption of an ionic linkage, he appears to have 
overlooked that every molecule with an even number of electrons is diamagnetic 
irrespective of the natmc of the bond, if the A and s vectors are counterbalanced, 
t.e. if its ground level is of the type. 

Since the arguments offered by Trivedi to prove the electrovalent character 
of the linkage in SnCl are a sequence of serious mistakes, we anay conclude that 
the bond is a covalent one, as shown in the first part of this paper. The linkage 
of SnCla will then be covalent a foiiiori, since in the transition from SnCl to 
SnClg the electronic affinity of the negative partner is only doubled, whereas the 
energy to tear off one electron of the Sn atom is 73 volts, but that to tear off 
two electrons is 21 ’8 volts. 
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ABSTRACT. In the present paper the author discusses in detail the evidence regarding 
the existence of an absorbing layer— the so-called D layer- situated below the K layer of the 
ionosphere at a height of about 55 kni. A preliminary account of the investigation, by Mitra 
and the author, has appeared in Nature, ^ Wireless echoes detected from such low ccjuivalcnt 
height furnish the direct evidence of the existence of the D layer Other evidences of indirect 
nature discussed are (a) limited frequency band for reflection from K layer during daytime 
and (b) decrease of the recorded equivalent height of the I? layer at the approach of sunset. 

The phenomenon of limited frequency band is considered in detail and it is shown that 
the failure to obtain echoes during daytime with waves below a certain frequency can only be 
explained as due to absorption by an ionized layer distinct from and lying below the IJ layer. 
It is also shown by considering reflection from R layer boundary having linear, parabolic or 
exponential ionization giaclient that the absorption of waves during daytime cannot be explain- 
ed as due to reflection from a diffuse E layer boundary. 

The apparent decrease of E layer equivalent height is explained as due to the gradual 
disappearance of the D layer with approaching sunset. The D layer, when present, increases 
the group retardation of the exploring waves passing through it* 


§ I. INTRODUCTION. 

It ivS well-kiioAvii that the ionosphere is divided into two main regions of 
maximum ionization called E and F situated at heights of about 90 and 250 km. 
respectively. Besides these two regions which are always present, subsidiary 
regions of maximum ionization are often noticed between E and F during day- 
time. These several ionized regions beginning from the bottom are called Ei, 
E2, Fj and F2. Their average heights are 90, 120, 180 and 250 to 400 km. 
respectively. Besides these regions, the evidence of another region of ionization 
below E| has sometimes been postulated. This layer called theD layer, on 
account of its location in a region of comparatively high atomospheric pressure, 
is a strong absorber of radio waves. Of the several authors who have discussed 
about the D layer mention might be made of Appleton and Ratcliffe ^ who from 
their observations on the reflection coeflQcient of the E layer boundary came to 
the conclusion that ^sn absorbing D layer might exist. Green ^ in his observa- 
tions on the reflection coefficient of the E layer in the early morning also finds 
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that the reflection coefficient is much less than the expected value. He attri- 
butes this partly to imperfect reflection and partly to extra attenuation caused by 
tlie formation of a D region. Martyn ^ on the other hand has collected the avail- 
able measurements of sky wave intensities at medium frequencies and has come 
to the conclusion that the observations cannot be explained on the assumption of 
an absorliing D region but can be fully explained if the ionization gradient near 
the boundary of the reflecting layer is assumed to be of the exponential form. 
It should, however, be mentioned that the observations on which Martyn's 
conclusions are based were made at night when the existence of the I) layer is 
extremely hypothetical. Bontch Bruewitch •'* in his observations near polar 
regions remarks that he often noticed complete cessation of cchoeS|from the E 
layer for a fe^v minutes or for hours together. On reaiipearance, aftet the short 
interval cessations, the echo-pattern was found to be similar to that observed 
l)revious to disai)pearauce. These cessations he ascribes to the screen^ig by an 
absorbing cloud between the observer and the E layer. Here again the hour of 
observations was night. It is thus seen that the question of the existence of the 
D layer, Jiot to speak of the mode of its forniation, is still a matter of controversy* 
In the present communication we will describe the results of observations made 
by us which go to prove that au absorbing layer is formed during the daytime 
at a height considerably below that of the E layer. A brief account of observa- 
tions made by Mitra and the author in this connection has ^already appeared in 
Nature.^ 

§ 2. KCIIC)h;S PROM BOW IIPIGHT. 

Record of echoes from heights much lower tlian the normal height of the 
E layer (90-100 km.) is reported from time to time. Goubau,^’ and Handel and 
Plcndl ^ report to have noticed echoes from heights as low as 50 km. and less. 
These reflections aie, according to them, from low E layer level. Bcmtch 
Bruewitch also reports records of echoes from a height of 65 km. and he also 
ascribes this to abnormal lowering of the E layer boundary. It may be mention- 
ed that the observations of the former authors were made during daytime while 
those of the latter in polar regions, as mentioned before, at midnight. 

Reflections from low heights (55 km.) have also been observed by Mitra and 
the author ou a few occasions in the months of April and May, 1935, between 
houi'S 1500 and 1730 Calcutta local time in course of their ionospheric investiga- 
tions at Calcutta. They are of ojjinion that the echoes observed were from an 
ionized region distinct from the E layer and formed at about the height from 
which the reflections were observed. It should be mentioned here that at the 
time when reflections from this low height were obtained, echoes from a higher 
equivalent heiglit of about 119 km. were also observed. 

la order 1.0 be successful in observing these echoes which were recorded only 

rare occasions, the receiver must have a very low time constant, la bour 
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experiment, which was after the group retardation method of Breit and Tuve,* 
the transmitter and the receiver were located in the same room the latter being so 
designed, by eliminating all coupling condensers, that its time of recovery after 
an electric shock was extremely small, in fact, it was much smaller than the time 
interval between a pulse and its echo. 

Besides the echoes which can only be observed under very favomable condi- 
tions, w'e have obtained other evidence, though of an indirect nature, of the exis- 
tence of the D region. These are discussed in the following sections. 

§3. THE FREQUENCY BAND FOR REFLECTION. 

It is well-known that during daytime the K layer echoes are very weak 
and also that on longer waves the echoes may disappear altogether. This pheno- 
menon, wliich is generally ascribed to the lowering of the K la5^er and consequent 
increase of absorption due to increase of the collisioual frequency, has l)een studied 
by us in sonic detail. It has been observed that at any hour during daytime there 
is a frequency band above and below the limits of which no reflection is obtained 
from the E layer. 'I'he upper limit of the band is obviously due to penetration of 
the E layer by the exploring waves. The lower one we ascribe to absorption by an 
ionized layer distinct from and lying below the E layer on the following grounds. 



LOCALTIME. 

Figure i. 

(Illust luting frequency band for reflection from the E layer at various hours 
of the day. The upper curve gives the penetration frequencies and the low'cr one 
gives the frequencies for which echcjes from the E layer begin to appear from the 
side of long waves The iutercept on any ordinate made by the two curves gives 
the range of frequencies for which echoes are obtained.) 
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(Showing a set of typical frequency bands for reflection from the E layer. 
For Fill explanation see figure i.) 

The two curves in figure i show how the width of the frequency band ..vjjries 
from hour to hour from sunrise to sunset. In figure 2 a number of similar curves 
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are given showing the width of the band from noon to evening. We notice in 
these curves that the upper ones giving the penetration limit follow an erratic course. 
They do not always show a tendency to decrease with the approach of sunset. This, 
as is well-known, is due to meteorological disturbances such as thunderstorms 
and magnetic storms. The lower absorption curves on the contrary, show a 
regular tendency to fall with the approach of sunset, indicating that towards the 
close of the day the ionization of the absorbing layer gradually diminishes and 
weaves of low^r frequencies arc able to reach the K layer and arc reflected there- 
from. The absence of any similarity between the trend of rise and fall of the 
upper curve and that of the lower curve shows that the two must be due to two 
different ionospheric regions. 

Again, it has been shown by a number of investigators that the lower 
boimdary of the E layer is extremely sharp, vStich a boundary cannot cause 
strong absorption of weaves, reflected from its surface ; it will, in fact, copiously 
reflect waves of all frequencies below the critical penetration frequency. The 
lower limits of the frequency bands in figures i and 2 cannot therefore be due to 
absorption by the lower boundary of the E layer. This point may, however, 
be considered in some detail here. 

Absorption during reflection is due to the wave penetrating into and return- 
ing from the ionized layer across its reflecting boundary. The degree of penetra- 
tion, and thus the total absorption, depends upon the nature of the gradient of 
ionization density near the boundary. To make an estimate of the total amount 
of absorption by reflection three cases of idealised ionization gradients — linear, 
parabolic and exponential — have been studied. The first and the second case 
have been investigated by Ai)pletoii and Ratcliffc ^ and also by Martyn,^ and 
the third by Marty n.'^ It has been found that for a linear or parabolic 
gradient of ionization near the boundary the reflection coefficient increases with 
wave-length. Thus absorpion of longer waves cannot be ascribed to a diffuse 
boundary if the gradient of ionization be either linear or parabolic. 
For an exponential gradient, however, Martyn s investigations show that the 
reflection coefficient should decrease with the increase of wave-length. It may 
therefore be thought that the failure to obtain reflection on longer waves is due 
to considerable lowering of the reflection coefficient at an E layer boundary having 
an exponential ionization gradient. A closer inspection of the exponential gradient 
formula shows, however, that the rate of decrease of reflection coefficient with 
increase of wave-1 ciigtli is extremely slow. Thus writing out the formula after 
Martyn, for vertical incidence, total absorption of the wave due to its passage in 
and out of the ionized layer across its boundary during reflection is given by 

Van 
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wlicre V is frequency of collision, R « and m charge (e. s. u.) and 

mass of an electron, /> angular frequency of the exploring wave, H height of the 
homogeneous atmosphere = lo km., (at the E level), c velocity of light, and v 

and /? are roiiSLants. 

The reflection coefficient R is thus equal to Exp. (-»?o). 

We can take the constants y and /? both equal to unity. This means that 
the ionosphere begins from a region where ionic density is i electron per c.c. 
and lliat the maximum density — lo® electrons per c.c, — is attained at a height of 
T4 km. above this level. The boundary is thus assumed to be not very sharp. 
But, even for such a boundary, we get the following values of the reflection 
coefficient for v^to® and A = 30, 75, 125, 300 metres ; 


K 

R 

(metres) 


30 

O'TQ 

75 

n'T4 

125 

o’ 20 

300 

o'oR 


It is seen that for the range of wave-length studied the reflection coefficient 
varies by about 50 per cent, from one extreme to the other. This cannot' 
exiilain the complete cessation of echoes which has been obserxed for wave-lengths 
above 120 metres. It should be remenibeied that the calculations are based on 
the assumT)tioii that the gradient is comparatively low, the maximum value of 
ionization being attained in a di.staiice of 14 km. from the boundary. The 
gradient is most probably much steeper at night when the strength of the echoes 
is greatly increased. The low gradient assumed above might be the day condi- 
tion and nii^ht thus be one of the factors contributing lo the general weakening 
of the echoes during daylight hours. 

Wcwill next consider how far the variation of ccho-iiitcnsity with wave- 
length, as observed in connection with our study of the frequency baud for 
reflection can be explained as due to an ionized layer distinct from and lying 
below the K layer. 


§ 4. CONDITION or RUFLBCTTON FROM AND TOTAL 
ABSORPTION BY AN IONIZED LAYER AT 

A LOW height. 

The fact that echoc.s have been obtained from a height of 55 km. on 140 m. 
wavelength can be utilized for making some deductions regarding the condition 
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of tfie ionized region at such height. The colHsional frequency is here un- 
doubtedly much greater than at K level where it is usually assumed to be 
about 10^ per sec. From kinetic theory considerations the upper limit of v at 
55 hm. height is about lo® j)er sec. Now, the simple formula for reflection, 
disregarding v, gives us the minimum value of N to be about 5x10^ for 150m. 
wave. The upper limit of N is obtained from the fact that it must be smaller 
than the ionic density of the K layer which is of the order of 10^' per c. c. in 
summer noon at Calcutta. A consideration of these limits gives us the probable 
values of v and of maximum N of the D layer as I's x 10'^ and 10"^ respectively. 

If we assume that, in order to obtain echoes, the reflection coefficient should 
not fall below o 01, then for a boundary with exponential gradient it is found 
that the maximum of ionization must be attained within a distance not exceeding 
about half a kilometre from the boundary. As in the previous section, the 
boutidry is taken here also to be at the level where the density is one electron 
per c, c. It is thus seen that in order to olitaiii even a faint reflection the 
boundary has to be extremely sharp. Such boundary condition is naturally of 
very rare occurrence and explains why echoes from the D layer are seldom 
observed. 

The weakening and complete cessation of echoes from the E layer in daytime 
may now be considered from the point of view of absorption by the D layer. In 
the following table is given the absorption per km. by an ionized layer of uni- 
form density per c. c. having collision frequency v = i‘3Xio'^. It will be 
seen how rapidly the absorption increases with wave-length for the range studied. 


y 

N 

\ 

(metres) 

Absorption 
per km. 

I'3 X id' 

10® 

30 

1*784 


ff 

75 

11*430 

>» 

•» 

150 

337 ‘c>oo 

(^“ofor A.— 150’itn.) 

10® 

10® 

30 

3 ’ 336 . 

»* 


75 

5183 



150 

5429 


99 

300 

5494 


For comparison, absorption for another set of values of v and N, namely 10® 
and 10^ respectively are also given. The possible values of v and N as deduced 
above from consideration of 150 metres wave reflection from an ionized layer 
at a low height are in good agreement with those deduced from considerations 
of the rapid weakening and complete cessation of echoes for longer waves due 
to absorption by, the JS layer. 
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§ 5. DECRKASR OF E I/AYRR EQUIVALENT HEIGHT 
TOWARDS SUNSET. 

Careful Study of E layer equivalent height curves from noon to evening 
shows that the height has a slight tendency to decrease with the approach of 
sunset. This is contrary to what one would expect; since, with the gradual 
withdrawal of the ionizing solar radiation and consequent decrease of ionization 
the effective height will have a tendency to increase. The ohseived decrease of 
height can be explained in a simple manner if we assume that the wave, in 
order to reach and return from the E layer , has to i>ass twice through the 
underlying D layer. This increases the group retardation and gives an apparent 
increase in the equivalent height of the E layer during daytime. As the under- 
lying layer gradually disappears with the approach of evening the recorded 
equivalcuf htight necessarily diminishes and becomes less than that recorded 
when the underlying layer was present. 


S 6. CONCLUSION. 

Records of radio yvave echoes returned from a low height furnishes the 
most direct proof of the formation, dming daytime, of an ionized layer (D layer) 
at a height much below that of the aiormal E layer. The supposition that the 
recorded low heights are due to the reflection from the E layer boundary abnor- 
mally lowered during daytime can be shown to be untenable. 

Further proof of the existence of the D layer is furnished by the occurrence 
of the limited range of frequency for reflection of waves from the E layer. This 
can be simply and easily explained as due to absorption by a region of ioniza- 
tion situated below the E region where coUisional frequency is relatively large. 
It can further be shown that the boundary of such a region can act as a reflector 
of radio wuves only when it is extremely sharp. This explains why echoes from 
this region are obtained only on rare occasions. These considerations prove to 
a certainty that an absorbing layer of ionization, distinct from and considerably 
below the E region, is formed during daytime. 

The ionization content and the thickness of this region is still uncertain < 
Regarding its origin, since its effect is noticed only during daytime, it egu satdy 
be asserted that it is due to solar radiation. One is tempted to associate the 
formation of Ihis region with that of the ozone layer though recent investigations 
have shown that the ozone layer is at a height much loiyer than the observed 
freight of the absorbing layer. 
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RAMAN SPECTRA OF QUINOLINE. QUINALDINE, 
ISOQUINOLINE AND a- & yS-PICOLINES. 

By S. K. KULKARNl JATKAR. 

{Received for publication, 9th July, 1935.) 

PUTE I. 

AEvSTRACT. The Raman spectra of a- and jS-picoIiues, quinoline, quinaldinc and 
soqijiuoline have been .studied. Evidence has l)ecn found in .support of the dual 
character of the fused ring s3's(ems in aromatic compounds as modified by the reactive methyl 
group. 

In the present investigation altcini)t has been made to find in the Raman 
spectra explanation for the peculiar and characteristic chemical properties of 
quinoline, isoquinolinc and quinaldine. Although these compounds are formed 
by the fusion of two rings, benzene and pyridine, each equally stable by itself, 
the stability of pyridine ring is less in isoquinolinc than in pyridine itself or in 
quinoline, and the stability of benzene ring is less in quinoline than in benzene 
or naiihthalene. When quinoline is oxidised the benzene ring is more easily 
ru])turccl yielding pyridine di-carboxylic acid analogous to the formation of 
fdithalic acid from naphthalene, while quinaldine gives acetyl-amino-benzoic acid. 
When isoquinoiiue is oxidised both chinchoineronic acid and phthalic acid are 
formed. 

The usual Kekul^ formula cannot explain the dual character of the 
stability of the constituent rings of the above compounds and a similar property 
of naphthalene and its derivatives. Further, the oscillation of bonds in 
benzene nucleus in fused ring system on the Kekul^ hypothesis is not sup- 
ported by chemical evidence. Thus naphthalene and its derivatives have one 
fixed structure and may be conveniently represented by the centroid formula to 
indicate the aromatic character of one part and the unsaturated aliphatic part 
by the usual double bonds. The following structures are in haripony with 
chemical evidence. 

' CO ' 

N N 


Fig. I. 
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The occurrence of the several common lines in the Raman spectra can also be 
satisfactorily explained by the above chemical structures, 

Raman spectra of quinoline has been previously studied by Cianesan and 
V\‘nhatcswarallM^]lo reported only six lines and by Bonino and Celia.® The 
latter authors reported nine lines and i)ointed out that in comi)ounds which 
do not have CHo, a band at 1450 ern"^ shows the presence of N — C linkage. 
In the ])resciit investigation a comparative study of the Raman spectra of 
qiiinoline, isoquinolinej qninaldine, a-picolinc and ^-jjicoline has been made 
and (leljiiitc structures have been assigned. 

The experimental arrangement was similar to that reported in a previous 
paper. 'I'he liquids were pure chemicals which were repeatedly fractionated 
under vacuum. A four per cent, solution of meta^dinitro benzene was used to 
cut off excitation by ^40^^ 6* 

*rhe si)cctra \N'cre very strong and are accompanied by strong red-fluorescence 
and in spite of the filter isoquinolinc gave troublesome photo-chemical colora- 
tion. The results of iiieasiireniciits arc given in Tables I-V and a comparison 
Table VT brings out tlie characteristic points in spectra of these conipoimds. 
The stroiiKcsl Kaniaii shift is given the visual intensity lo. The enlargements 
of the negatives are shown in Plate I, 


Tabie I. 


Quinoline. 


No. 


Wave ‘length. 


Intensity. 


Wave number. 


vShi/t. 


1 

4433 '4 

2 

4447'S 

3 

44.SQ'o 


44 S 6’2 

5 

4494'cj 

6 

45o6'9 

7 

45 r 2'3 

8 

4546-1 

9 

4S.S3-3 

10 

4559 ’ 1 

IT 

4563-0 

12 

45^o'8 

i3 

4586 ’0 

M 

46h'7 

15 

4632-5 

t6 

4634-9 

J7 

4639-6 

18 

4647-7 

19 

4655-9 

20 

4664-7 

31 

4677-8 

33 

4688-4 

23 

So?S-4 


5 
3 

10 

o 

2 

10 

0 

1 
I 

3 

6 


3 

2 b 

4 

JO 

3 

5 

ob 

ob 

7 

ob 

5& 


22549 

388 

22478 

461 

22^20 

518 

22285 

654 

22241 

697 

22182 

756 

22156; 

783 

21QC)1 

948 

21961 

978 

21928 ; 

loio 

21909 

1029 

21824 

TTI4 

21799 ■ 

1139 

21678 

1260 

21627 ; 

13TI 

21569 

1369 

2^548 

1391 

21510 

1428 

21472 

1466 

21432 

1506 

21372 

T567 

21323 

1615 

I9S82 ! 

3056 


fATKAR 


PLATE I 



Raman spectra of <I) '‘-picoline, <II> /^-picolinc, <11I> quinaldine, 
<IV) isoquinoline and (V) quinoline. 
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Table IV. 

a^Picoline. 


Wave-length in A.U. Intensity. 


Wave number. 


46o6’3 

46i8’4 

46363 

4647-4 

4678-0 

4683-4 

4980-3 

4995 ’2 
5025 ‘9 
5030‘9 
5101-4 


545 

627 

798 

807 

995 
1036 
1182 
1222 
or ‘*546 

1554 

or ’*^212 
204 

359 

400 

544 
625«‘ 
745 
796 
807 
889 
939 
995 
1048 
1099 
or 2867 
1148 
or 2923 
X235, 
1292 

1375 

1427 

1568 

1592 

2865 

2924 

3047 

3067 


* Anti-Stokes. 


Table V. 


P-PicoUne. 
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TABtE V — ( contd .) 


No. 

Wave-length in A.U. 

Intensitj. 

Wave number. 

Shift. 

8 

4457‘9 

2 

22426 

512 

9 

4462-7 

4 

22402 

537 

10 

4465’4 

4 

22388 

550 

11 

4480-9 

3 

22311 

629 

12 

4490-1 

4 

22265 

673 

13 

4498' 6 

8 

22223 

715 

14 

45i6'o 

10 

22137 

801 

15 

4533-8 

I 

22051 

888 

16 

4544 'o 

2 

22001 

938 

17 

45557 

IQ 

21944 

994 

18 

4565-1 

8 

21900 

1039 

19 

4576-2 

2 

21846 

1092 
or 2859 

20 

4588 7 

2 

2I7S7 

1152 
or 2919 

21 

4603-2 

5& 

21718 

1220 
or 1270 

22 

4613-8 

4 b 

21668 

3037 

23 

4626-7 

ih 

21608 

1331 

24 

4636-3 

7 

21563 

1375 

25 

4680-2 

8 

21361 

1578 

26 

4684-6 

8 

21341 

1598 

27 

4980-3 

2b 

20074 

2865 

28 

4994 "3 

10 

20017 

2921 

29 

5026-7 

lob 

19888 

3050 


o-Picoline. 


204 (2) 
359 (i) 
400 (o) 

543 (10) 

625 (8) 

745 (n) 
796 (10) 
807 (8) 
888 (lb) 
939 (i) 

995 (10) 
1048 (10) 


1235 (6) 

1292 (4) 
1375 (5) 

1427 (i) 


1568 (6) 

1592 (6) 

2865 (o) 

2924 (6) 
3047 (6) 


jS-Picoline. 


2o 8 (2 b) 

485 (2) 
512 (2) 
537 (4) 

550 (4) 

629 (3) 

673 (4) 

72s (8) 

801 (10) 
888 (1) 

938 (2) 

994 (10) 

1039 (8) 


1220 (5b) 
1270 (4b) 
1330 (ib) 

1375 (7) 


1577 (8) 

1598 (8) 
2865 (2 b) 
2921 (10) 
3050 (lob) 


Table VI. 


Quiuoline. 


388 (5) 
461 (3) 

518 (10) 

654 (o) 
697 (2) 
756 (10) 

783 (o) 

94S (i) 

978 (1) 

1010 (3) 
1029 (6) ) 

1114 (2) 
1139 (3) 

1260 (2b) 

1311 (4) 

1369 (10) 

1391 (3) 

1428 (5) 

1466 (ob) 
1506 (ob) 

1567 (7) 

1615 (ob) 


3'’56 (Sl’) 


Quinaldine. 


.391 (3) 
423 (3) 
458 (4) 
519 (8) 

661 (o) 
700 (1) 
766 (10) 


955 (o) 
987 (o) 
loii (3) 


1145 (0) 

1205 (o) 
1270 (i) 
1312 (3) 
1370 (10) 

1423 (i) 

1465 (2) 

1556 (i) 

1598 (1) 

2860 (o) 
2923 (i) 

3047 (10) 


Isoquinoline. 


499 (10) ) 

517 (20) ) 


77S (10) 


1008 (4) ) 
1030 (5) i 
1132 (0) 
1252 (j) 
1278 (2) 
1321 (5) 

1378 (10) 
1428 (5) 

1457 (5) 

1491 (o) 


1551 (2) ■) 
1580 (3b) > 


3047 (8) 


28 


S. K. Kulkorni Jatk.ar 


Tlic spectrograph gave a wing about lOO cni“* in width which made it impos- 
sible to verify the presence of the 86 cm"’ line in (x-picoline reported by Okubo 
and llamada."^ 

The shift 208 cm"’ in picolines corresponds to 218 cm"’ in toluene. This 
shift is sliovvn as anti-Stokes line in <x-picoIine. 

'I'he shift 390 cm"’ in quinoline shows doubling (423 cm"’ ) in quinaldine and 
should be present in all quinoline derivatives. The origin of this is probably in 
the 400 cm"' frequency of the constituent benzene ring. 

The strong ^shift 517 cm"’, which also occurs in naphthalene, is very 
stiiking inasmuch as this also ocenrs as a double line in isoquinoline. This 
does not seem to be the characteristic of two fused aromatic rings as is usually 
su]>posed, because this frequency is present in toluene [520 cm"’ (5)], orthoxylene 
[505 cm" ' (2)] andtetraliue [513 cm"’ (3)]. 

The strong line corresponding to 544 cm" ' in «-picoline occurs also as an 
anti-Stokes line and in /i-picoliue it is split up into two lines 537 and 550 cm"'. 

The shift O04 cm"’ (2) in quinoline corresponds to 606 cm"’ (i) of benzene 
and pyriiline. Its absence in quinaldine and isoquinoline is remarkable and points 
out that the freedom of oscillation of the benzene and pyridine rings is restricted 
in these compounds. 627 cm"’ in picolines corresponds to the shift 622 cm"' in 
toluene. 'I'he other shifts which fall in the same category are about 760 cm"’. 
But this appears to vary somewhat in the different compounds. Kohlrausch did 
not report the shift 760 cm"’ for naphthalene in solution of carbon-tetrachloride 
which gives a similar shift. This frequency is characteristic of two fused aromatic 
rings. 

The absence of the shift 1029 (which is very strong in pyridine) in quinaldine 
indicates that tlicrc is no pyridine nucleus in this compound. 'This frequency is 
due to C — N oscillation. In picolines this changes to 1048 cm"’ (5). 

'I'he line 1375 cm"’ is present in other substituted aromatic ring compounds, 
its intensity depending upon the symmetry of substitution. It should therefore 
represent the following type of vibration (3). 



(3) 

* Fig. 2. 

Ill this representation any .me of the vibration links shows the oscillation of 
mono- substituted d'nvative. This being unsymmetrical the intensity is less in 
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mono-substituted compounds and increases in disubstitutcd and symmetrical ly 
trisubstituted as in mysilyline (^). 



( 4 ) 

Fig. 3. 


The frequency 1433 cm“^ assigned by Bonino to C = N group is distinctly 
separate from 1450 cm~' due to CH2. Bonino has attributed two shifts 1042 and 
T433 cnr’ to C— N linkage. From the table given it is clear that neither of these 
seem to be characteristic of the CN groui). Assuming the value of 1035 cm“’ 
for C — N frequency obtained from aliphatic compounds the value for C = N is 
1460 cm~’ . It is remarkable that this shift is obtained only in quinaldine and 
isoquinoline in perfect accordance with the structure which makes C=N linkage 
aliphatic in character. Isoquinoline is more basic than quinoline. The aromatic 
— C = N— frequency as occurs in pyridine and a-picoliue appears to be 1485 cm“^ 
though its absence iu jS-picoline is peculiar. It appears faintly in isociuinolinc and 
is present in quinoline also as expected and not in quinaldine. 

The C ; C frequency iu aromatic compounds given by 1500 cm~^ is absent in 
naphthalene and quinoline. 

Another important observation is the appearance of the faint line at 2923 (wi) 
in quinaldine due to pi'esence of CH3 group, its companion 2860 (wg) due to CH2 
being fainter still. The shift 1450 cm“' (wj) due to CII2 behaves, in the same 
way. Attention may be drawn to the fact that in toluene, a- and ^-picolines also 
these lines occur faintly, a-fiicoline gives an infra-red absorption at abovrt 2976 
cm“^. This fact is hr harmony with the chemical reactivity of the hydrogen hr 
the rrrethyl group attached to a negative aromatic ring. ITe amount of reactive 
form, however, present at roorrr temperature is negligible as otherwise the strong 
frequencies due to C : CH2 and N— H would have made their appearance. 

The tendency towards such rearrangement however is most markedly shown 
by the dimiurshed frequency (w 3) at 1427 cm“* due to CH2 and the diffused 
natrure of shifts in the region 1450 — 1485 cnr~^ iu the compounds a- and ^- 
picolines which are due to the reactive CN group. 

The occurrence of paired lines at 500, 1000, 1278, 1430 and 1550 cm“^ may be 
used in support of two isomers for isoquinoliuc present in equilibrium and equally 
stable at room temperature, one having a quinoline structure and another quinal- 
dine structure, although the doubling of the lines may also be explained on the 
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usual concept of degeneracy in view of the harmonic relation between the shifts 
519, lOiS and 1557 cni“^ 

Thanks of the author arc due to Sir C. V, Raman for the facilities given 
during the investigation. 

Depautment of Genkhal Chemistry, 

Indian Institute of Science, 

Bangalore. 
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PivATK II. 

ABSTRACT. The paper is divided for convcnienre into two parts. In Part I a sonorous 
water tap is described. The jet of water from this tap has a beaded appearance with an axial 
core. Photographs of the jet with time exposure of 20 sees, show the steadiness of the jet. 
Some earlier relations connecting the w^ave-lcngth of recurrent figures with the velocity of the 
jet and also the frequency of the note with velocity have been verified. There are still some 
interesting features in the structure of the jet which are not yet clearly understood. It is 
believed that these features escaped the observations of previous workers on liquid jets. 

In Part II of the paper, from the stationar}^ pattern of ripples formed on a silent jet, 
u'hen an obstruction is interposed, a convenient method has been worked out for the 
determination of the value of surface tension of w^ater. The mean value obtained is 71*6 
dynes per cm. and is as good as can be expected. 

PART I. 

A Sonorous Water Tap. 

§ I. INTRODUCTORY. 

The instability of cylindrical liquid jets has beeu studied mathematically by 
the late Tord Rayleigh.^ He has shown that when the length of a liquid column 
is greater than 4'si times its diameter, it becomes unstable and disintegrates. 
This condition is easily fulfilled by jets issuing horizontally from an orifice in the 
side of a tank, but when the jet issues vertically downwards the force of gravity, 
by augmenting the velocity from point to point, exerts a protective influence and 
the instability is lessened and disintegration now starts at a bigger distance. 


J Read before the Indian Physical Society on «ist September, 1935. 
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Wlicn (lisintct?ratiou commences, there is a mixed procession of separate liquid 
drops and air bubbles with the result that the lx;gmning of disintegration presents 
a frothy ajtpcarancc. Further on, the jet possesses more or less an ill-defined 
beaded structure, partly due also to the presence of recurrent figures, through 
whic'li each ilrop passes during its career downwards. 

'J'he proldem of recurrent figures has been studied by Bidone, Magnus,- 
Buff and the late Lord Kayleigh,'^ in the case of horizontal jets. They found 
that if tlie orifice be an ellipse with the major axis horizontal (as in the present 
case) the column at a certain distance becomes circular and further on elliptical, 
evith the major axis vertical and this is repeated along the rest of the jet. The 
late L(>rd Kayleigh gave the following relation valid only for small amplitude of 
disturbance, for A, the distance between successive .similar recurrent figiures in the 
jet, namely 


A = - 




3-23 v'n-^-rt 


(t) 


where -a = velocity of the jet, 

A = cross section of the jet in the interval giving A, 

« = a constarrt depending on the nature of the aperture, 
w= 2 for elliptic aperture, 

II = 3 for triangular aperture, 

77 = 4 for rectangular aperture. 

The disintegration can be further regularised if a sounding tuning fork is 
put into contact with the orifice when the beady structure of the jet becomes 
jnuch more steady and well-defined. Instead of giving an initial impressed 
disttirbance to the orifice, if the jet be allowed to fall into another vessel and if the 
reservoir of water is influenced by the shock due to the impact of the jet, the 
disintegration is accompanied by a musical sound. Plateau who first studied the 
phenomenon gave the following expression for the frequency v of the note 
emitted, namely : — 


where a is the velocity and d is*thc diameter of the jet. The frequency of the 
n<.ite in practice is hardly con.stant and fluctuates between certain limits. 
Moreover, a slight extern-d disturbance acting on the reservoir of the liquid is 
liable to stop the soui’d altogether. 
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The object of the present investigation is to test in the first instance the 
application of the formulae developed by earlier workers in the field, on a self- 
maintained sonorous water tap, and secondly to bring to notice certain new 
interesting features in the structure of the jet which, as far as we are aware, do 
not appear to have been recorded previously. In the second part of the paper, 
stationary ripples on a silent jet have been used to determine the surface tension 
of water. 

§ a. APPARATUS. 

If a water-tap attached to a pii^e fixed to a building has the frequency of 
disintegration of its jet in agreement with the natural frequency of oscillation of 
the water-pipe then the sound produced will be augmented by resonance, and will 
be maintained. 

We accidentally discovered one such water tap in the Physics Department of 
this college. Later on, a search for others out of a large number of taps led to 
the detection of only another one which was also self-sonorous. The second one, 
however, is not so rigorous as the first and the experiments described in this paper 
were made with the latter, no special arrangement of reservoir and sounding 
arrangement being necessary. 

On opening the tap slowly, a note resembling the hum of a large transformer 
appears. The oscillations arc sufficiciitly violent to produce a shaking of the 
building. These shakings can be felt very clearly on the first floor of the labor- 
atory, although the tap itself is situated in a room on the ground floor. 


§3, APPn:ARANCL OP TITL JET AND THK TNTENvSTTY OP SOUND. 

As the tap is slowly opened, at first the intensity of the sound is feeble. The 
jet presents now a beady appearance — the separate water beads being very close 
to one another, yet very clearly separated by narrow connecting necks. Moic- 
over, the first bead appears at a definite distance below the tap, depending on the 
actual rate of flow of w^atcr. As the rate of flow is increased slowly, the sound 
rises in intensity, the beads get larger in .size and the divStance A separating the 
consecutive beads also increases. As the flow is further increased the intensity 
of the sound diminishes, A increases, but the distance of the fiist bead fiom the 
tap diminivShes, until a certain minimum is reached. On furthei inci easing the 
flow, the intensity of the sound again rises up to a certain rate of flow aftci which 
it gradually dies down, as the flow is still further increased. Dining the latter 
stage A continually increases as well as the distance betw^een the tap and the posi- 
tion of the first bead. With the extinction of sound, the pronounced beady structure 
of the jet simultaneously vanishes. Figures 1(a) and 1(b) and in 1 late II show the 
photographs of these beady jets. The plates were exposed for about 20 secs., the 

5 
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)f1 iilniiiinatcci by two ordinary eletric bulbs. The sharp outlines of the 

b:nreh sliow \xry clearly how steady the appearance inn si have been. As will 
l;c seel) finni ilje ])h()to;^raplis, the most interesting thing about the jet is the 
iiVL -LiJCc oj an axial core niiining through all the water beads as if a thread 
ulic' |) assiiig 111 rniigh them. The diameter of tlie core at the centre of the first 
bead is almost exac tly half the diameters of the cores at the centres of the other 
beads. Aik thei ecjiiaily interesting feature is the sliooting out of small droplets 
of water fi oil) the lower ends of the beads in all directions, while the jet as a 
wliolc' seems to be spinning rapidly about the cential core. Brinkworth has 
deiiionstiatc'd that beaded jets showing stationary vibrations which might be 
transverse oi' longitudinal, are perfectly stable. 


§ 4 i<: X r‘ T^: k tim n n t a m k 'r ii o d and at a vS it r n m k n t s. 

In order to test eejuations (i) and (2) given earlier it is neeevSSary to determine 
r, the velocity of ilow of water at a pailicular i)oint of the jet. This was done 
with the help of the relation: — 


'Where c/ is the diameter of the jet at the pefint considered and Q the ejuan- 
tily of water flowing per second and known from water collected in a given 
lime. 1 he diameter of the jet was measured by means of a cathetometer micro- 
S('0])u having an eyetiiccc scale of w'hich one division = 7*5 x cm, Q was estimated 
by a measuring c'ylinder and a stoi>v\atch, the time of collection in most cases 
I icing one minute. At least three seiiarate deteriiiinatious were made for Q for 
eacli rale of flow and the mean taken, h'hc value of A, the distance in cms. 
between successive beads w'as determined by focussing a short focus telescope 
oil tile jet and a centimetre scale placed alongside the jet. 


§5- VKRTriCATlON. 


(«) Rayleigl/s constant n : — 

Having detei mined rg d, A for a given rate of flow of the jet, it is pos- 
uikglaic the value of the Rayleigh’s eon vStant in equation (i). These 

v>ucs tor (l.liu-fnt rates oi How are all -iven hi Table T. The values of i; and 
i.ifL of floii were cletcniihied just above the position of the first 


tli'-'J.'. or., just beforMhec 


oiuiiiencement of disintegration. 
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(b) Frequency : — 


The frequency of the note emitted by the jet was found sli^e.htly to vary 
with the rate of flow while the variation of the intensity of vSound \Nitli How has 
already been pointed out. There appeared to be two acoustical bands h)f sniTi- 
cient intensity, but closely differin.q in frequency between which, for a pnriicuku 
rate of How very loud and distinct beats could be heard. The frccineiicies of the 
notes at different rates of flow, as i^iven by equation (2) have been calculated and 
are given in Table 1. The frequencies were also directly deterniined b\' means 
of a sonoinetcr and were found to lie between 365 and 185. Jt will be seen from 
Table I that these independent detenninations are in close agreement w ith the 
valucs of the frequencies as deterniined by eqtiatlon {2). 


(c) Magnification M : — 

It is well known from the work of vSavart and C. A. Bell that it is possible 
to magnify any small mechanical disturbance by applying it to riii orifice from 
which a liquid jet is issuing. The latter has shown that if a watch is placed 
against a nozzle and a jet issuing from it is received on a membrane, the ticking 
of llie watch can be rendered audible to a large aiidience. The problem of 
magiiilication has been treated theoretically by the late Tord Kayleigh ' whose 
expression for the magnilicalion M can be put in the following form, by 
assuming the surface tension of water to be 72 and its density equal to x : — 

losw^= -3 - ... ( 4 ) 

OT2O 


Where as before, d ivS the diameter of the jet and t is the time in seconds 
for all from the orifice to the point on the jet where disintegration starts, 
the position of the first bead. Different values of M corresponding to diflereiit 
rates of flow and hence corresponding to different intensities of the note have 
been calculated from equation (4), and included in Table 1 . 

Taui.e 1. 


No. of 

Q in c.c. 

Distance of 1st 
bead from tap 

Fmiuency 

\ 

in ciiis. 

n 

obs. 

per sec. 

in cnis. 

(calc.) . 

(ob.S.). 

(calc.) . 

1 

i ‘355 

3 '60 

162 

1-77 

1-72 


i' 73 y 

4*00 

171 

2 ‘33 

1 82 

3 

2-039 

5 20 

176 

2*83 

1-64 

4 

2 ‘600 

7-40 

178 

3 ‘43 

1*32 

5 

2*760 

lO’IO 

179 

3 ‘ 5 i 

i '45 

6 

2*918 

9'8o 

186 

360 

1-25 

7 

3 *060 

xo*4o 

193 

3’73 


8 

3 '483 

ii-o8 

) 

198 

4’io 

1*53 

, 


M 

Intcnsitv 



(calc.) . 

sound. 

38*8 X 1 

Jk'cble 

21 '3 X 10'-^ 

Do. 

11 '9 X jo2 

Moderate 

7'5 ^ 

barge 

9' 2 X 10^ 

Moderate 

5*1 X U)^ 

V. large 

5'i X io2 

Large 

I*I X lO® 

Moderate 
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In the following Table II the diameter of the jet, the diameter of the beads and 
those of the cores at the centres of the beads for different rates of flow arc recorded. 

Table II. 


■I-.l 

Diameter 

1st bead in cm. 

2nd bead in cm. 

3rd bead 

in cm. 

111 

of jet 2 

— 






c.c. jier 

cms. below 

diameter. 

core. 

diameter. 

core. 

diameter. 

core. 


lap in cms. 







I 225 

0*176 

0*327 

0*038 

0-3/16 

0*076 

0*340 

0 082 

i ’433 


0359 

o'o5o 

o '359 

0 lOI 

0*353 

0*107 

i'7^3 

o'2TI 

0*390 

0*003 

0-384 

0-145 

0*386 

H 

'0 

2 '133 

0'227 

0*^109 

0*075 

0*422 

o'T57 

... 

... 

2 * 3^7 

o '239 

0'/\22 

o‘oS8 

0*416 

0*189 

... 


2*5^7 

0*252 

0*441 

0*095 

0*435 

0*195 

... 

... 

2 ■783 

0*271 

0*466 

0*104 

0*453 





No. tjf 
obs , 


Lastly curves i and 2 in figure 2 show the variation of the diameters of the 
sonorous and the silent jets respectively with the distance below the tap in cms. 
for a fixed rate of flow, i.c., 1757 c.c. per sec. The curves arc plotted from 
observations on jet from a tap in the neighbouring room. The vibrations .started 
by the particular sonorous tap could start forced vibrations in this tap also, while 
if tJie former was stopped the vibration and the beady nature of the jet disappeared 
from the latter. 
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It will be seen that the variation of diameters with distance of both the sono- 
rous and the silent jets is almost indistinguishable up to a distance of b'z cms. 
below the tap. After this, the two jets separate. The sonorous jet remains 
cylindrical having a diameter of 0T504 cm. over a distance of i ’6 cms. Beyond 
this the diameter begins to increase until the position of the first bead is reached. 
The diameter of the silent jet, on the other hand, continually decreases with dis- 
tance from the tap, at any rate up to the iioiiit of disintegration. The rate of 
decrease of diameter with distance slows down gradually. 

(tt) The value of the Rayleigh number n recorded in Table I and calculated 
with the help of equation ( i ) making use of the observed values of A. at diilerent 
rates of flow, show that the experimental values approach closely the theoretical 
value 2 for an elliptic orifice, when the intensity of the note emitted is feeble, that 
is, when the initial disturbance is correspondingly small. This is in line with the 
theoretical assumption made ill establishing equation (j). Ob.servation No. 6 in 
Table I gives the smallest value of n = j' 2 S Avheu the intensity of the sound is very 
large, while n = i‘82 (obs. No. 2) when the sound is very feeble and the initial 
disturbance is also small. 

(b) The frequencies of the .sonorous jet spread over a .small range as calcu- 
lated by equation (2) have also been directly verified. Observation No. 6 in Table 
I shows how the first bead shrinks up the jet inspitc of the increasing rate of flow 
and it is at this stage that loud beats referred to earlier between the two acoustical 
bands were heard. 

(c) Supposing an initial disturbance has been magnified a given number 
of times, the reciprocals , where M is the magnification factor, will give us 
some idea of the relative magnitudes of the initial disturbances. 

id) A reference to Table II shows that within the limits of experimental 
errors possible in the present measurements the following conclusions may be 
drawn : — 

(i) For a given rate of flow the diameters of the successive beads are equal. 

(3) F'or a given rate of flow, the diameter of the core of the first bead is 
half the diameters of the cores of the other beads. 

(3) As the rate of flow increases, both the diameters of the beads and of the 

cores also increase. 

(e) The appearance and structure of the jet call for special attention. The 
rnrial core on careful examination appears to start from the point of the jet where 
it just becomes cylindrical. It tapers to a minimum diameter at the middle of the 
first bead. Air bubbles seem to be formed here and move in rapid succession 
downwards. The exact mechanism of formation of the axial core is not clear yet. 
A further detailed examination with the help of intermittent light is expected to 
give valuable information. It may be worth while to record the effect of an elec- 
trical field observed on the jet in question. 
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W])cii an electrified ebonite rod is brought near the sonorous jet, it splits up 
vertically into two halves, the bifurcation always starting at the centre of the first 
liead, : one of the split portions (jf the jet is attracted towards the electrified rod in 
the form of a curve, while the other half which always contains the beads and 
cores is only slightly disjdaced toward the rod. If the electrified rod is between 
the ta]) and the first bead, the jet is attracted as a whole without any divi.sion. 
h'urthcr, the .splitting is independent of the i)Ositjon of the electrified rod round 
the jet as is to be expected from the .symmetry of the api)earance of the jet. 

(/) It appears probable that the origin of the sonorous vibrations is due to 
the ])rcsencc of loose washers in the tap. As w'ater flows down, the loose washer 
begins to oscillate and it then throws the whole pipe system into forced vibration. 
It is also jjossible to decide by a reference to curves i and 2 in Figure 2 whether 
the oscillations are mainly longitudinal, or transverse. vSince the diameters of the 
sonorous and the silent jets for the same rates of flow' (f.e., Q= 1*757 c. c. per 
sec.) are almo.st exactly the same at different depths for some distance below' the 
tap, it seems that the oseililations must be mainly longitudinal. If any appre- 
ciable transverse vibration had also existed, its presence could have lieen delected 
by the bulging out or coutractiem of the sonorous jet at dilTerent portions and no 
length of the jet would have its diameter at different points on it agreeing almost 
exactly wntli that for a silent jet. In direct support of this view' we might men- 
tion here that a .shining })oint on the water tap system focussed by a microscope 
was drawn out into a vertical straight Hue as soon as the jet began souudiug.' 

(g) There are other finer features in the structure of the jet that have not 
been revealed by the photographs reproduced. It is intended to study these in 
detail as soon as opportunity permits. 

PART II. 

A SttENX Water Jet. 

§ I. INTRODUCTORY. 

It is well known that w'hen an obstacle is placed in a ruuuing stream of 
water or any other liquid, a beautiful stationary wave pattern is formed next 
to the obstacle on the liquid surface. These have been described and figured by 
vSeott Russel.® Lord Kelvin® was the first to show that this formation was 
principally governed by the surface tension of the liquid. Recently Hopfield ’ ® has 
succeeded in photographing a similar stationary pattern formed at the junction of 
two colliding jets of water issuing at a small angle. The late Lord Rayleigh gave 
the following relation connecting the wave-length A of a wave with its velocity, 
namely 

vS ^ 

2 r p A 

jwjiere the yari as letters have their usual significance. 
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A similar pattern was observed by us when an obstacle was placed in the 
path of a jet of water falling from a tap and the object of this paper is to record 
some measurements made on the pattern from whieh the surface tension of water 
could be easily calculated . 

§2. APPEARA.NCK OF THE PATTERN. 

On interposing an obstacle (in our case a small wooden platform was used) 
in the path of the jet, the portion of the jet between the obstacle and the tap gets 
covered by the stationary pattern referred to above. The pattern is most promi- 
nent in the region next to the obstacle. Using two ordinary electric bulbs to 
illuminate the jet the pattern was clearly seen as a series of alternate bright and 
dark rings piled on one another. The appearance also resembles the threads of 
screw cut on a taiicriiig rod. Figures, i (d), i (c) and i (c) on Plate II show the 
photograph of the jet with and without the stationary pattern, respectively, with 
an exposure of 20 secs. 

Since the velocity of rii)t)]es of different w'ave-lengths are different 
as also the velocities of the jet at different points along its length, the 
ripples of shorter wave-length possessing higher velocities are rendered stationary' 
lower dow'u the jet where the velocities are corres])ondiugly greater. While 
the ripples of longer wave-lengths are rendered stationary at points higher up 
the jet where their own smaller velocities are in agreement with the smaller 
velocities of the jet. 


§3. THEORY ANT) MEASUREMENT. 

In the case under consideration, since ripj)les are jnopagated mainly by 
surface tension we can write down the Rayleigh relation as 


If we can find v and A for the ripples, we can determine r the surface tension of 
water. 

Measuring d, the diameter of the jet corresponding to a bright ring on the 
pattern by means of the cathetometer microscope used in I’art I of the paper, the 
velocity of the jet at this point could be calculated by means of equation (3) of 
tlie same paper. vSince the pattern is stationary, the velocity of the ripple of 
wave-length A given by the distance between the two dark rings, one above and 
the otlicr below that bright ring whose diameter has been measured above, is 
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also the volocity of the jet. lu practice, v need not be calculated but merely 
diniiuated between equations (3) and (5), so that we get, 


i6 Q^ _ 2nT 

\p 


or d* 



or d 




4 i 



Thus, if d is jdotted against a straight line will be obtained, and if vj be the 
tangent of the angle which the straight line makes with the axis of , then 


m = 




3 

i |.4 


Thus r the surfac'c Iciisioii can be determined. vSince all otlier quaiiVities 
are known in the expression for m correvSponding to each rate of flow, d was 

1 

plotted against and vi determined from the best straight line drawn through 
the i)oints. Tims varying the race of flow, different independent graphs W'Cre 
drawn aiid in each case the corresponding was determined. From tlie values 
of »/, r w^as calculated. The results are given in the following table. 


TapTvE III. 


Series of 

0 in c.c. 

, m from 

T ill dviie 

Mean 

1 

oliserv ill ions. 

per .sec. 

giaph. 

(cale.) per ein. 

T. 

Temp. 

1 

I' 167 

O' 2665 

69*6 



2 

r’.ioo 

r;-2764 

74‘7 

71-6 







20 ^ C , 

3 

I ‘633 

1T3120 

72 '6 


nearly. 

4 

2''133 

o' 3^42 

70' I 



5 

2-gio 

‘ '4213 

71*2 
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The straight lines in figure 3 are the plots of series of observations 3, 4 and 
■5 in the above table. The other series namely i and 2 could not be conveniently 
plotted on the same scale. 



Figure 3. 


The measurements of A on the jet only some distance away from the obstacle 
give good results owing to the fact that water accumulates on the obstacle 
before flowing out, and thus produces disturbing effect on the pattern immediately 
next to it. 

In conclusion, one of us (B. N. Ghosh) would like to record his grateful 
thanks to the Government of Bihar and Orissa for the award of a scholarship 
that enabled him to take part in the present investigations. 


Physics DsPARiMENt, 
Science Coueue, Paina. 
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CHEMICAL REACTIVITY AND LIGHT ABSORPTION. * 

By N. R. DHAR and P. N. BHARGAVA. 

Plate in 

(Received for pablication, Dec. 21 st, 1934.) 

ABSTRACT. Ahsoi ption spectra of a few vapours and (heir mixtures have been studied 
with a view to investigate the nature of photochemical rcactivil)'. 

It can now be stated with a certain amount of definiteness that the aiipear- 
ance of a continuous absorption (non-quantised absorption) spectrum of a gas 
is always a case of pliotocheinical dissociation taking place in the gas. 
Moreover, convergence limits in continuous absorption have up till now been 
observed only for those molecules in which the binding forces arc appreciably 
weakened by light absorption. 

It appears, therefore, that increase in light absorption by a molecule is 
associated with its increased reactivity and loosening of the binding forces. 
Conversely when a molecule becomes more reactive, it is likely to absorb light 
more markedly. 

Victor Henri has reported that with an increase of temperature the limit of 
dissociation is shifted tow'ards the higher wave-length side and that the radiation 
corresponding to the region of predissociation causes photochemical reaction or 

clieniical sensitisation of the molecules. 

I'rom the researches of Henri and others, it is clear that on increasing the 
tenqierature, absorption limit is shifted and the molecules dissociate on illumina- 
tion by radiations of longer wave-lengths. Thus with acetaldehyde, the absorp- 
tion spectrum at the laboratory teniperature consists of a large number of sharp 
bands with definite structure between A.3484 to ^,3050. Near A3050 the bands 
become blurred rapidly due to predissociation of the molecule and about 60 
diffuse bands reaching up to A2823 have been measured. Also theie is super- 
iiliposed on these diffuse bands, a broad continuous band starting at about A3080 
with a maximum at A2850 and which subsequently falls off in intensity more 
and more on the ultra-violet side. If acetaldehyde vapour is heated to 200 C., 
feeble diffuse bands appear between A3500 and A3200 with a strong continuous 


" Read before the Inaugural Meefing of the Indian Physical Society on 29th September, 1934. 
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absorption reaching far into the ultra-violet. When acetaldehyde vapour is 
illuminated at the laboratory temperature, decomposition takes place into CO 
and CH^, only when the wave-length is A3002 or shorter; whilst at 20o°C., 
vapour can be photolysed by radiations of wave-length exceeding A3100. 

It apjiears, therefore, from these researches on photochemical decomposition 
and predissociation that the increase in the chemical reactivity of a substance 
by increase of temiierature is associated with a shift in the position of the absorp- 
tion bands specially in the ultra-violet region. Moreover, increased temperature 
of the molecules sensitises them towards their decomposition by longer wave- 
lengths. Hence the weakening of the binding forces of molecules and their 
consequent iinstability are associated with shift of absorption bands and of the 
limit of continuous absorption by the molecules. 

Just as an increase of temperature or light absorption weakens the binding 
forces of a molecule, the introduction of a chemical substance into an absorbing 
system may also loosen the binding forces of a molecule. For example, the 
presence of a reducing agent accelerates the decomposition of an oxidising 
molecule. Thus in the presence of reducing agents like hydrogen, carbon 
monoxide, ferrous salts, nitrites, hydroxylaminc, hydrazine, alcohols, acetone, 
organic acids and their salts, etc., the halogen molecules become reactive even 
in the dark as well as when exposed to radiations of wave-lengths longer than 
those necessary for their sensitised or photochemical dissociation, because the 
binding forces of the halogen molecules are considerably weakened due fo the 
presence of the reducing agents. 

It has been shown previously ^ with numerous reactions taking ]:)lace in 
solutions that the light absorption by a mixture of the reacting substances is 
always gi eater than the absorption of the ingredients considered separately. 
The increase in absorption appears to be due to the activation of molecules by 
the picscncc of the molecules of the other substances. The activation of the 
molecules is associated with the weakening of the binding forces and consequent 
increased light absorption. 

The observations of Weigert and Kcllcrmann ^ on increased light absorption 
by a mixlme of chlorine and the increased light absorption observed by J. C. 
Ghosh and collaborators,'^ with mixture of organic substances and solutions 
of ferric and mei curie chloride, and uranyl nitrate, etc., can be interpreted 
on the viewpoint that the chemical reactivity of these various systems is 
associated with the weakening of the binding forces and increased light 
absorption. Fajans and Karagmiis^ have shown that the light absorption by 
silver iodide containing adsorbed silver is appreciably greater than that 
of silver iodide containing adsorbed iodine or that of silver iodide alone. 
l\Ioreover, it is well known tuat the silver halides containing adsorbed silver 
f pbotosensifive and hence more liable to be decomposed in light 

alii.vo containing an excess of the halogen. Similar results 
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have been obtained with other silver halides. The i)resence of silver sensitises the 
photo-decomposition of silver halides and weakens the binding forces between 
silver and the halogen atoms and causes increased light absorption. From the 
above facts it can be concluded that the contact of one reacting substance with 
another w eakens the binding forces of the molecules of reacting substances just 
as increase of temperature or light absorption loosens the binding forces. I'hc 
close-proximity or contact of another molecular species capable of chemically 
reacting wath the first one, plays practically the same role as that of the physical 
agencies, viz., increase of temperature or light absorption. 

After a study of the problem of association of chemical reactivity with 
increased light absorption with numerous reacting mixtures occurring in the slate 
of solutions, we have turned our attention to gaseous reactions. It is well known 
ibat hydrogen reacts with chlorine in presence of light at the ordinary tempera- 
ture and in the dark at a temperature al)ove i4o°C. Does the addition of hydrogen 
increase the light absorption of chlorine ? This question has been repeatedly 
a>skcd but no satisfactory answer is yet forthcoming. Thus Bunsen and Roscoc 
reported that the absorption of light by chlorine w^as increased by the presence 
of hydrogen, although Burgess and Chapmann could not detect any difference 
in the light absorption of pure chlorine or its mixture with air or hydrogen. We 
have carried on further w’ork on this subject and the results and conclusions 
are given lielovv. We have investigated the light absorption of hydrogen, 
methyl alcohol vapour, ethyl alcohol vapour, chlorine and bromine, separately 
all in the gaseous state, and in mixtures, by photographing their absorption 
spectra ^vith a Hilger K i quartz spectrograph, employing copper and iron 
arcs as the light sources. The time of exposure was one minute in each case. 
The absorption chamber consisted of a tube 8o cms. long and 25 ninis. in diameter. 
The pressures of bromine or chlorine and reducing agents wcie 20 and 4^ cms. 
of Hg rcspec*tively . The spectrograms are reproduced in Plate III, hiom figuies 
T-5 in this plate, the following results have been obtained. 


Fiottrk r. Hydrogcfi and Chlorine (passed through water). 




Pressure. 

lyigbt absorption limit. 

{a) 

Arc 



{!■) 

Hydrogen 

40 cms. Hg 

No absorption 

(c) 

Chlc^rine 

20 cnis. llg 

3 705 A— 2824 A 

W) 

Mixture 

40 cms II2 ^ 20 cms. Clg. 

376 c)A- 2S2/1A 


FmiTRii 2. 

Hydrogen and Bromine (passed through water). 

(a) 

Arc 



(i>) 

Hydrogen 

40 cms, Hg 

No absorption 

(0 

Bromine 

20 cms. Hg 

4164A 

(d) 

Mixture 

40 cms, Hg + 20 cms. Brg 

4140A 
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Gimt. 3. Hydrogen and Bromine (dehydrated by passing through sulphuric acid). 


{0) Arc 
(b) Hydrogen 
(r) Bromine 
(d) Mixture 


40 cms. Hg 
20 cms Hg 

40 cms. TT2 ^ 20 cms. Br2 


No absorption 
4164& 

4164S 


FKUrun Methyl Alcohol Vapour and Jhoniine {hydrated), 

{a) Ait 

(i)j Methyl alcohol vapour 40 cms. ITg No absorption 

(r) Bromine 20 cms. ITg 4164X 

id) Mixluve CH3OH + 20 cms. Br2 4125& 

Fir.ui<K5. Ethyl Alcohol Vapour and Bromine {passed through ivatcr). 


{a) Arc 

[b] Kthyl alcohol vapour 40 cms. Hg No absorption 

(r) Bromine 2ocms.Hg 4T64-5io5i 

((i) Mixture 40 cms. C2H5OIT + 20 cms. Brz 4100-5105X 


Kroiii the foregoing results it is clear that the light absorption by a mix- 
ture of the reacting substances is over wider region of the spectrum than in the 
case of the absorptions by the ingredients considered separately. It is interest- 
ing to note, that there is no variation in the position of absorption liniifr when 
the gases or vapours are passed through concentrated sulphuric acid or phos- 
phorous pentoxidc. In other words, desiccation considerably decreases the 
chemical reactivity and prevents the combination of hydrogen and chlorine or 
hydro>>en and bromine in the visible region. Hydrogen sensitises the dissocia- 
tion of chlorine and bromine molecules and makes them reactive in radiations of 
longer wave-lengths only in the presence of moisture. These observations are 


supporting the important work of Baker who showed that intensive drying 
greatly reduces the reaction velocity of substances. Baker and Tamm ^ showed 
that hydrogen and chlorine, dried over phosphorous pentoxide did not combine 
at all in visible light, Coehn and Jung ^ found that there w^'as no comljinatioii 
in system where tlic pressure of water vapour was estimated to be 10”'^ mm. 


of Hg, no reaction occurred even after 20 days* exposure to sunlight, but that the 
reaction took place lapidly when the pressure was mm. Boderisteiii and 


Dux had found that the variation of water vapour between 10 mm. and 10 ^ 


nun. had no effect on the reactions between hydrogen and chlorine and con- 
cluded that tile non-reactivity of gases dried over phosphorous pentoxide might be 
due to some inhibition. 


hioin the nuinerou;^ cases cited in this paper it seems clear to us that if 
there IS the possibility o£ the t/ccurrence of a chemical change by mixing two or 
more substanc es, variation ii; the position of the absorption limit is likely to 
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be observed in those cases. We are of opinion that the shift in the position 
of the absorption limit in the case of a mixture in comparison with those of 
the ingredients is likely to be a measure of the reactivity of a given mixture of 
two or more substances. 
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Aluiiabad University, 
Aleahabad. 
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ABSTRACT. Previou.s work ^ on the concentric ring system observed on the cathode of a 
Haddiug’s X-ray tube with copper anticathode and aluminium cathode has been extended 
using a platinum anticathode. 

The irt esent paper w'hile confirming: the general features of the phenomenon 
already reported with copper, deals with the estimation of the ratio of the refrac- 
tive indices of a platinum film for A5461 (Hg) and A5893 (Na). The ratio 
for platinum is found experimentally to be 1*1082 and is in very good 

agreement with the value of the ratio found from table of constants as 1*0865 — 
the two values agreeing to within about 2%. 

§1. introduction 

It is well known that metallic films appear variously coloured in white light. 
I^ritze® mentions that a fairly uniform deposit of silver on glass plate exhibits 
varioirs grades of colour as its thickness changes. Only recently it W'as pointed 
out by Bcck-vStahler and Overbeek'* thax it was possible to get concentric rings of 
colour similar to the Newton’s rings when tin w'as sputtered on a clean plate of 
glass. They also found cyclic changes of colour w'heii the thickness was conti- 
nuously varied. 

The explanation of the above observations was offered by Edw’ards.'^ He 
believes that the colour phenomenon is entirely due to interference. According 
to him, the beam of light incident on the film is partly reflected from the front 
surface, the remainder being refracted into the film. This refracted beam on 
being reflected back by the lower surface is once more refracted into the film and 
finally emerges to interfere witli the directly reflected beam. In this connection, 

7 
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besides the difference in the optical path, several phase chanRcs have to be 
considered, namely, the phase change due to reflection at the film-air interface, the 
l)hase chansi^cs due to two refractions and finally, the i)hase change due to re- 
flection at the interface between the film and the cathode surface. Starting with 
Maxwells equations, Kdwards showed that it was possible to calculate these phase 
changes in terms of the refractive index and the coefficient of absorption of the 
media concerned for a particular wave-length. Let the algebraic sum of all the 
four phase changes mentioned above be 0 , Then for a path retardation corres- 
i:)onding to — etc,, a particular colour will be destroyed at a particular 

place. Tic found very good agreement between the value of the thickness of the 
lilm calculated from the rale of sputtering and the total time of sputtering, at 
which a given colour was actually either destroyed or exhibited and the thickness 
theoretically calculated from the known total j)ath difference (including the 
various phase changes) for which the observed colour effect was expected. 

After the work of Edwards, Natbanson^ observed similar rings with films of 
manganese and platinmid' on plane glass surfaces. Ovcrbcck'^ produced tbem 
with films of tin while Wood ^ used sodium and potassium films for their produc- 
tion, formed at the liquid air temperature by condensation. (Ivcrbeck further 
showed that it was possible to vary the number of these rings simply by varying 
the time of sputtering and he found a linear relationship to exist between the 
number of rings and the time of sputtering. In all these experiments, the films 
are produced by j -lacing a metal or a glass surface in front of tlic srmtteriiig 
cathode. The condition essential for the i>roduction of a film showing rings by 
reflected light, is that the cathode area should be small compared with the 
receiving surface, otherwise a uniform deposit is obtained. 

About the same tin’c as the voiksniciitioncd al o\e were published, one of us 
(K. Prosad) independently oliscrvcd^ that a trutr fbn dc] ( MUd cn the coiica\c 
surface of aluminium forming the cathode of a Iladding’s X-ray tube, also exhi- 
bited brilliantly c'olonrcd Newton's rings by reflection of ordinary light. The 
formation of these rings was cxi)laiiicd in the same way as the Newdon s rings 
formed in the air film enclosed between tw^o lenses. The w^ork has been continued 
with platinum and the object of this paper is to deeciibc and discuss the ring 
system obtained with it. The Haddiiig’s tube was run for about 6o hours at 
50 K. V. and 10 m a. 

§2. APPEARANCE OF THE RING SYSTEM. 

In ordinary light the central portion of the aluminium cathode presented a 
circular area of golden colour extending over a comparatively big extent, the 
rest being occui‘ied by coloured rings. The order of colour starting from the 
centre w^as. golden yellowq led, light green, bluish violet and grey — the gradation 
being the same ai. in Newton's rir.gs.^ Next, they were examined in sodium 
light. lie nun.ber and sharpness of the rings now increased and they were 
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visible as alternately bright and dark. The ring system was next illuminated 
with light from a mercury lamp filtered through a Wratten filter which trans- 
mitted only A,546i . The rings were found now to expand .slightly in agreement 
with Nathonson's® observation. 


§3- theory 


In the case of the platinum film under consideration, only a limited number 
of the observed fringes exhibited the regularity demanded by the theory worked 
out in the previous paper.’ The rings are given by the formula — 


_ 4^ 
n fi 


•( 


Rj .R^ 

R1-R2 


Const. 


where D= diameter of any ring 

A = wave-length of light used 


/x=the corresponding refractive index of platinum film, Ri and R2 are the 
radii of curvature of the aluminium cathode and the front surface of the 
platinum film respectively, and n is the interference order of the ring which can 
be calculated from the relation — 

n » + i 


4. MEASUREMENTS OF THE DIAMETERS OF THE DARK RINGS 

The cathode was clamped in a suitable position and illuminated by two 
Bunsen burners fed with common salt. Eight dark rings could be distinctly seen 
and their diameters were measured with the help of a travelling microscope. 
Readings were taken in two directions at right angles to each other and their 
Tnp.qn tabulated. Next, the cathode was illuminated by mercury light transmitted 
through the Wratten filter referred to i^rcviomsly and the diameters again measur- 
ed as before. The radius of curvature of the cathode was 6'8 cm. 

§5. EXPERIMENTAL RESULTS 


Light used 


Serial No. of 
dark rings. 


Mean dianielers 
of dark rings in 
cms. 





Sodium 

yellow 

^5893 


I 

a 

3 

4 

5 

6 

7 

8 


3-080 

3-240 

3*380 

3‘570 

3-700 

3*835 

4‘IQO 

4'350 ^ ^ „ 

Mean of Nos. 6 to8| 


9-486 

4'743 

10*498 

3’499 

II ‘424 

2*856 

I2’745 

2 ‘549 

13690 

2*281 

14-708 

2-101 

16 8to 

2-101 

18-923 

2*102 

— 

2*101 


n 


1 


2 

3 

4 

5 

6 

7 

8 

9 
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Ugbt used. 

Serial No. of 
dark rings. 

Mean diameters 
of dark rings in 
erns. 


JJ2 

n 

n 

Mercury 

1 


9-706 

4 ’853 

2 

green 

0 

3 '295 

10-857 

3-619 

3 


3 

3 

11-628 

2-907 

' 4 


4 

3-6.10 

i 3 ‘ 25 o 

2-650 

5 


5 

3-760 

14 138 

2 356 

6 


6 

3-890 

15-132 

2 -162 ] 

7 


7 


17-223 

2-153 [ 

8 


8 

4 ‘405 

i 9'405 

2-156 J 

9 



Mean of Nos. 6 to S 


2-157 



§6. DIvSCUSSlON OF TlIF RFv'iUI/TS. 

For the region where our ijrevious formula holds good, we find 

that 


— ~-= 2 'iS 7 fc+ ■ = 2'ioi k, where A , 

nig ma Fia JNa 


^Ilg nig 


arc the corresponding wave-lengths and refractive indices of the platinum film 

R ““ R* 

for A5893 and A5461 and k stands for — h — ^ 

4R1 .R2 


.Wc thus have finally, 


^Na _ ^893 X 2 ‘i 57 _fe = 1 • J0S2 

/ijjg 5461 ^ 2’ioi k 

Now from the International Critical Tables, Vol. 5, we get 

=2’oiand =i'85, so that ^ = = i’o865. 

JNa ±lg I 85 

Thus the agreement between the experimentally detennined value of the ratio 
of tw'o refractive indices of the platinum film and that calculated from the table 
of constants is as good as can be expected. This agreement further suggests 
that the theory explaining the formation of the ring system must be substantially 
correct. 

It may be profitable at this stage to discuss some of the important factors 
w'hicL might influence the result. For instance, it is well known that the 
refractive index of a material in bulk is different for the same in the form of thin 
films, the difference pr drably arcsing owing to a marked dissimilarity in the 
physical nature the two. For example Finch and Quarrel have 
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shown that when films of aluminium are sputtered on platinum, the 
sputtered aluminium assumes the crystalline structure of the deuser 
platinum. 

The inadequacy of the formula to account for the rings in the central portion 
of the cathode, is probably due to the fact that the refractive index there is 
abnormal. It is well known that when the thickness of a film falls below a 
certain critical value, there is an abnormal change in its refractive index. 
Pogany ^ ^ has found this critical value for platinum to be t 5 ni/a. F'arthcr from 
the central area of the cathode, where the thickness of the film has increased 
sufficiently, the abnormality referred to above disappears and the formula holds 
good. 

Attempts to slide the film on the cathode surface proved a failme as it stuck 
fast to it. In this respect it behaved differently from the copper film which was 
very mobile and which was described in an earlier paper.’ The action of heat 
produced great deformation and indistinctness of the ring system, suggesting 
probably that they are formed due to a comparatively unstable arrangement of the 
siiuttered platinum particles. 

In the end, one of us (B. N. Ghosh) should like to record his grateful 
thanks to the Government of Biliar and Orissa for the award of a Research 
Scholarship. 
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RAMAN SPECTRA OF TERRENES AND CAMPHORS. 

By S. K. K. JATKAR and R. PADMANABHAN. 

Plate IV 

(Receioed for publication, 2nd September, 1935.) 

ABSTRACT. The marked differences in the Raman ."spectra of limonene and dipentene 
have t)een .shown to be due to different amounts of products of intramolecular isomerisation, 
namely, trrpinolcnc and o-terpinene present in these compounds, the latter predominating in 
the technical dipentene. The difference in the .spectra of fcnchonc and camphor is .shown in 
the shifts 1412— i/|5ocm‘' due to the reactive CHjCO group present in camphor. 

Raman spectra of optical isomers arc usually found to be identical. For 
example, d and I ot-pinenes give identical Raman shifts.* No one has so far 
studied the spectra of d and / mixtures and racemates. As the internal energies 
of racemates as .shown by thermo-chemical data arc appreciably different, there 
ought to exist linkages having different binding forces which .should manifest 
themselves in light scattering. It was therefore thought worthwhile to inve.sti- 
gate the Raman effect of limonene and dipentene, the latter being believed by 
organic chemists to be a racemic form of the former. 

Both limonene and dipentene contain two double bonds, one in the ring and 
another in the side chain. The present work has shown that the Raman fiequen- 
cies due to these double bonds are entirely different for the two substances and 
cannot be explained on the assumption of dipentene being a racemic form of 
imonenc. The fact that the derivatives of limonene have quite different melting 
points from those of dipentene, as for example, the nitrosochlorides, also seems to 
be against this conception. The striking difference in the Raman spectra of 
limonene and dipentene was first pointed out by us in a note to the Indian Science 
Congress (Jan. 1935)- 

The Raman spectra of limonene has been investigated previously by Dupont 
and coworkers,’ Lespicau andBourguel ^ and Bonino and Celia. ^ Dupont and co- 
workers report the largest number of lines. Our results for 8 limonene are in 
satisfactory agreement wuth those of Bonino and Celia and De.spicau and Bourguel. 
The large number of lines reported by Dupont seems to be due to the occurrence 
of terpinolene in his sample of limonene. 

The Raman spectra of /l-pincne also has been studied by Dupont and co- 
workers^ in an incomplete manner the characteristic long shifts being neglected. 
We happened to prci>are an unusually t)Urc sample of /i-pinene for rotatory 

* Mr. G. V. Nc-vgi found no difference in the Raman .spectra of d and I limonene.s (unpub- 
lished work) , 
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dispersion measurements and took the opportunity to study its Raman spectrum. 
Our results do not agree with those reported by Dupont, 

Fenchone has been studied by Bonino and Celia. We have recorded anti- 
Stokes lines (363, 600 and 660 cm-'), for feuchone which had been missed by 

them. 

Camphor u'as studied in a saturated solution of carbon tetrachloride. It 
unfortunately happens that some of the shifts coincide with those of the solvent. 
It would be therefore desirable to study the spectra in a solvent like methyl 
alcohol or preferably without any solvent in the solid state. 

The technique used was the same as described previously by one of us. 
Table I gives the details of wave-length measurements and Table II summarises 
the results with the data of other authors for purposes of comparison. Plate IV 
shows the spectra of the scattered light, slightly enlarged, for the different sub- 


stances investigated. 

Table I (a) 
Dipeiitcne. 


No. 

Wavc-ltTiglli. 1 

Iiitciisiiy. 

Wave nnnibcr. 

in cm * 

1 

• 13 «S '4 

0 

22797 

Diffraction. 

2 

4 / 14 o '3 

lb 

22 . 5^5 

423 

3 

4444 ’9 

Tb 

2240T 1 

447 

4 

44 57 '3 

lb 

22429 

5 t ‘9 

b 

44 ^'.S 

lb 

oc 

ct 

569 , 

6 

4483-1 

2b 

22305 

633 

7 

44-'/ 3 

2b 

22369 

668 

8 

4496 -S 

2 b 

22232 

706 

9 

45 o 9 '.s 

4 

22184 

7 54 

10 

45 M'« 

1 

22143 

795 

II 

45 i 7‘5 

1 

22130 

807 

12 

4519*3 

1 

2 2 T 2 T 

816 

^3 

453 ' rS 

4 

22065 

872 

34 

454 'i '4 


22OIS 

9x9 


4543*5 

I 

22003 

934 

16 

454 ^'.'! 

I 

21990 

948 


45 .Sc/« 

0 

21025 

1013 

18 

4569-0 

2b 

2iSg5 

If ’4 3 

^9 

4577 '^ 

2 b 

21842 

1096 

30 

45lS8’u 

lb 

2X790 

1 148 

3t 

4601 1 ■ I 

2 

21733 

7205 

33 

4604 7 

2 

2171 I 

1227 

23 

461Q0 

2 b 

216.14 

1293 


4 <*.M'Q 

3 ^ 

2X569 

1369 

‘\S 


3 

2X509 

1429 

26 

4 f> 5 J'i 

3 

21494 

1444 

V 


2 

2X430 

1508 



.3 

21389 

1549 


46Sb'S 

10 

2X331 

j 607 

.30 

4 f^o,n 

T 

J 

2X301 

1637 

.31 

I'lQy-g 

• 3 

21280 

1658 


47 ‘i 3 '- 

3 

2 I 261 

1677 

33 

4:;s7-8 

2 

20453 

Hg 

34 

4 m "'3 

ob 

20377 

2667 

;s 

1 Q 15’1 

ob 

20216 

2722 

3 f^ 

4c/m)’4 

lb 

20118 

2820 

37 

4 t)Si ■' > 

4 b 

20071 

2867 

3 ‘S 

4 <'o; 

4b 

20022 

2916 

39 

5 '>'i. 5 '« 

4 b 

19071 

2967 

43 

S'w6‘o 

4 

tq8qi 

3047 _ 


-ATKAR © PADMANABHAN 


PLATE IV 



Raman spectra, 

I Camphor in CCL- 

II d— Fenchone, 

III Dipentene. 

IV Limonene, 
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Tabi,e 1(b). 
d-Limonene. 


No. 

Wave-length. 

Intensity. 

I 

444 o '3 

1 

2 

4453 '9 

0 

3 

4458’5 

I 

4 

4494 ’9 

2b 

5 

45o6'6 

5 

6 

4513*5 

2b 

7 

4533*1 

2 

8 

45388 

r 

9 

4560*8 

I 

10 

4572 ’5 

0 

II 

4578 ’5 

ib 

12 

45890 

38 


4S98'4 

ib 

14 

4607 2 

ib 

15 

46 i 5'7 

ib 

16 

4621-5 

Tb 

17 

4634-8 

56 

18 

4648'! 

8 


46945 

10 

20 

4701-3 

10 

21 

4877-3 

I 

22 

4888*4 

2 

23 

4972*3 

2bb 

24 

4992*7 

56b 

25 

5003*7 

ibb 

26 

5016*2 

0 

27 

5025*3 

8 

28 

5035*0 

ob 


Wave iiuinber 


vShift. 


ui cnr 


22515 

22451 

22423 

22236 

22183 

22150 

22054 

22026 

21920 

21864 

21835 

21785 

21741 

21699 

21659 

21632 

21570 

21508 

21296 

24131 

20498 

20451 

20106 

20024 

19980 

19930 

19894 

19855 


429 

4«7 

516 

702 

755 

788 

884 

91^ 

I018 

1074 

1103 

1153 

119S 

1239 

1279 

1306 

1368 

1430 

1643 

1678 

Hg 

Hg 

2832 

2915 

2959 

3009 

3044 

3083 


Tabi.e 1(c), 


P-Pinene. 


No. 

Wave-length. 

Intensity . 

W^ave number. 

vShift. in cni."' 

1 

4095*7 

2bb 

24409 

2q6 

2 

4100*9 

2hb 

24378 

327 

3 

4110*7 

ihb 

24320 

385 

4 

4123 1^0 

2bb 

24243 to 

462 to 


4128’ 1 


24317 

488 

5 

41391 

35 

24153 

552 

6 

4154*0 

4s 

24066 

6^0 

7 

4166*7 

2b 

23993 

712 

8 

4190*4 

3b 

23857 

848 

9 

4194*5 

3b 

23834 

871 

10 

4202*8 

2b 

23787 


ZI 

4207*8 

ib 

23759 

946 

12 

42185 

2b 

2369S 

1007 

13 

4224*7 

2b 

23664 

1041 

14 

4241*7 

2b 

23569 

1136 

IS 

4249*2 

2b 

23527 

1178 

16 

4252*2 

2b 

23511 

1194 

17 

4449*2 

25 

22470 

4^ 

18 

44S3*3 

SS 

22299 

630 

19 

4498*1 

lb 

22235 

713 

20 

4508*0 1 

2b 

22177 

761 


a 
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Table 1 (c). 


(i-Pincnc. 


No. 

1 

1 W.TVt'-leiiKth. 

Intensity. 

Wave number. 

Shift in cm" ^ . 

21 

4 SiS '7 

! 

2b 

22124 

814 

70 

4 S 25’6 

4 S 

22090 

848 

23 

45305 


22066 

872 

24 

4541 '0 

2 b 

22015 

923 

25 

4546 'S 

2 b 

21989 

949 

26 

4559'2 

3?> 

2192S 

1010 

27 

4566-4 

2b 

2i8q3 

1045 

28 

4577 ’2 


21842 

T096 

29 

4583 '3 to 


2i3i 2 to 

1126 to 


4596' I 


23752 

1184 

30 

4603-0 


21724 

12x4 

31 

4610-4 

3 b 

21684 

1254 

32 

4619-7 to 

2bb 

21640 to 

129S to 


4644-1 


21527 

I4II 

33 

4648-5 

2bb 

21506 

1432 

34 

4693-7 

5 ^ 

21300 

1638 

35 

4981-3 

lb 

20069 

2869 

36 

4997-3 

abb 

30005 

2933 

37 

5011 0 

ab 

I995I 

2987 

3 « 

5032 9 

4s 

19864 

3074 


Table I (d). 


Fenchone, 


No. 

Wave-length. 

Intensity. 

Wave number. 

vShift in cm.^ ^ 

I 

4146-3 

2b 

241 11 

504 

2 

4i57'2 

2 

24048 

658 

3 

4166*0 

0 

23997 

708 

4 

4185-2 

0 

23887 

819 

5 

4190-7 

0 

23856 

850 

6 

4196 6 

I 

23822 

8S4 

7 

4205-1 

ab 

23774 

931 

8 

4235-8 

3 

23602 

1103 

9 

4247-0 

3 

23539 

*601 

ro 

4297-7 

I 

23262 

1444 

11 

43082 

I 

23205 

*267 

12 

43852 

3 

22798 

diffraction 

13 

4397’! 

3b 

22736 

202 

14 

4408*2 

3 

22679 

260 

IS 

44147 

3b 

22645 

293 

16 

4428*6 

2 

22574 

364 

17 

4439’2 

2 

22520 

^ 418 

t 8 

4444‘5 

2 

22494 

445 

19 

4457‘i 

ob 

22430 

509 

20 

44747 

10 

22342 

597 

21 

4486-7 

10 

22282 

656 

22 

4497-9 

3 

22227 

712 

23 

4510-0 

• 1 

22167 

771 

24 

4520-8 

3b 

22114 

824 

25 

4S32‘4 

4 

22057 

881 

26 

4541-9 

4 

22011 

927 

27 

4546-2 

2 

21995 

943 

28 

4554-5 

2 

21950 

988 

29 

4559-5 

1 

_ 21Q26 

1012 


• Anti^tokes. 
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Fenchone. 
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No. 

Wave-length. 

Intensity. 

Wave number. 

Shift in cm” ' . 

30 

457‘^‘8 

2 

21872 

1066 

3X 

457«’5 

36 

21835 

1105 

32 

4588-4 

1 

21788 

1150 

33 

4607-6 

I 

21697 

1241 

34 

4612-7 

I 

21673 

1265 

35 

46^3 

0 

21628 

1310 

36 

4637'4 

0 

21604 

1334 

37 ' 

4637'8 

ob 

21556 

1382 

3« 

4652 '6 

5b 

21488 

1451 

39 

46597 

2 

21455 

1484 

40 

47i5’2 

3 

21202 

1736 

41 

49817 

5 

20068 

2870 

42 

409-1 "9 

1 

20015 

2923 

43 

5009-5 

1 

19957 

2982 


Table Ke). 


Caviphor. 


No. 


Wave-length 


Intensity. 


Wave number. 


Shift, in cm’ 




1 

2 

3 

4 

5 

6 

1 

8 


/1I22‘7 
4130 I 

4i39'5 
4M6'4 
4i55'i 
4237'4 
4^7-'3 
4298' 7 


9 

10 

11 

12 
T3 
X4 

15 

16 

17 

18 

19 

20 

21 


22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
33 

33 

34 

35 


4399'4 

4407'2 

44181 
4427‘9 
4434 ’5 
444b‘5 
4.164-7 
4484-4 

4496 o 
45^'^6*5 
45X2'9 
4S26'4 


4539‘3 

4546-0 

4553‘3 

4560-6 

457S'8 

4S«7‘8 

4596-4 

4607-0 

4618-3 

4624-2 

4644-2 

4650’3 

47X5’7 

4982'? 

5000*^ 


I 

24348 

358 

0 

24206 

500 

I 

2415I 

555 

0 

24III 

595 

2 

24060 

646 

I 

23593 

1112 

5 

23400 

1305 

8 

23256 

1449 > 

3185 

10 

22724 

+ 214 

2b 

22684 

254 

lO 

22628 

+ 310 

ob 

22578 

360 

2b 

22544 

394 

10 

22485 

+ 453 

I 

22392 

546 

8 

22293 

64 s 

2 b 

22236 

1 703 

6b 

221^ 

+ 754 

6b 

22153 1 

+ 786 

3 

22086 

852 

2 

22024 

914 

3 

2 1991 

947 

0 

21956 

982 

0 

2I92I 

1017 

I 

21848 

1090 

0 

2 1 791 

1147 

I 

21750 

1188 

1 

21700 

1238 

0 

21647 

1291 

0 

21619 

13x9 

I 

21526 

1412 

I 

21498 

1440 

c 

21200 

X738 

2 b 

20066 

2872 

sbb 

I9919 

2946 


+ lines due to solvent. 
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Table II (a). 


Dipcnicne. 


Linioncnc. 


^-Pinene. 


Aiitljors. 

Lespioau. 

Authors. 

Authors. 

Dupont. 








296 

(2b) 






{s) 



327 

(3 b) 



423 

bb) 

434 

429 

(i) 

3^'5 

(t) 

391 


447 

{lb) 


is) 


(0) 

462 

( 3 b) 


5(iy 

(ift) 

497 

487 

468 

(3) 

480 




S26 

is) 

5i^> 

(i) 




569 

(i(>) 

54 ? 

is) 



55-^ 

(3) 



032 

(2I)) 

638 

(i) 



639 

(5) 

648 


6()8 

(2I)) 







70^) 

(2; 



702 

(2b) 

7h^ 

(1) 



734 

(■1) 

766 

(mst) 

755 

(5) 

761 

(2) 

778 


795 

(ij 



788 

(2 b) 




807 

(r) 

801 

(w) 






816 

(1) 





814 

(2) 




(4) 

898 

(w) 



848 

( 4 ) 

850 


872 

8S4 

(2b) 

872 

( 4 ) 

879 


gig 

(1) 

927 

(-'>■) 

912 

(1) 

9-3 

(2) 

-err- 

934 

(i) 


(ii) 







94S 

(i) 

<J5f> 



949 

(2) 

942 


1013 

(0) 


(s) 

1018 

(i) 

103 0 

(3) 


m 3 

(2b) 

1024 



ms 

(2) 

1048 




1062 

(5) 

1074 

(0) 


m 

jog 6 

(2 b) 

1086 

(i) 

1103 

(lb) 

T096 

(3) 

logi 




1121 

(.f) 



1126 

(5b) 

1134 


1148 

1205 

(2 b) 

(2) 

1158 

1203 

(Ht) 

(ss) 

1153 

1198 

(3b) 

^b) 

1184 

T214 

(5b) 

(Sb) 

1224 


1227 

(2) 

1247 

(ss) 

1239 

(ib) 

1254 

(3) 

125T 


1293 

(2b) 

1290 

(•S') 

(•S) 

1279 

(ib) 




1369 


1318 

1306 

(ib) 

T2g8 

(2b) 



(3 b) 

1374 

(»«) 

136S 

(5b) 

141 j 

(2b) 



T42g 

(3) 

1434 

(.sfb) 

1430 

(8) 

1433 

(3b) 

1430 

-CH2 

1444 

(3) 

1453 

{mb) 






150S 

(2) 







1490 


1549 

(3) 








1607 

(10) 









i<^37 

(3) 


(it) 



163S 

(5) 

1641 


1658 

(3) 

1645 

1643 

(10) 


c=c 

T677 

(3) 

r68i 

(ib) 

1678 

(10) 





2661 

(ob) 







2722 

(Ob) 









2S20 

(ib) 

2835 

{mstb) 

2832 

(2bb) 





2867 

(4b) 

2882 

(msib) 



2869 

(lb) 



2916 

(4b) 

2916 

(itb) 

2915 

( 5 bb) 




2967 

(4 b) 

2931 

{sib) 



2933 

(2b) 



2968 

[m) 

. 2959 

(ibb) 






2981 

(5) 


(0) 

2987 

(2 b) 




(4) 

3018 

(.s) 

3009 



3047 



3044 

(8) 







3082 

(i^ 

3083 

(ob) 

3074 

(4) 
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Table II (b). 


Fcrichone. | 

Camphor. 

Fenchone. 

Camphor. 

Bonino. 

Author. 

Author. 

Bonino. 1 

1 

Author. 

Author. 

317 (4) 

202 ( 3 fc) 

— 

1013 (1) 1 

I 0 T 2 (l) 

1017 (0) 

276 (.1) 

260 (3) 

254 (2 b) 

1076 (l) 

1066 (2) 

1090 (i) 

301 (3) 

293 (36) 

— 



1147 (0) 

371 (2) 

254 (2) 

360 [oh) 

ii6g (2) 

1150 (r) 

it88 (1) 


418 (2) 

394 (2 b) 

2243 (3) 

1241 (i) 

1238 (i) 

{:) 

445 (2) 

— 


1265 (i) 

129T (0) 

458 (2; 




1310 (o) 

1319 (0) 

52 T (2) 

509 (26) 

546 (i) 

1338 (i) 

1334 (0) 


606 (s) 

594 (2) 


1404 (i) 

1382 (ob) 

1412 (i) 

668 (5) 

f5S (2) 

645 (8) 

1455 (4) 

1450 (5) 

1440 (i) C1-12 

724 (2) 

708 (0) 

703 (ab) 


1484 (2) 


777 (i) 

771 (2) 

— 

1731 (4) 

1736 (3) 

1738 (5) c = o 


819 (0) 


2874 (3) 

2870 (5) 

2872 (2b) 

837 ( 4 ) 

850 (0) 

852 (3) 


2923 (1) 


889 (2) 

881 (4) 

924 (2) 

2961 (s) 

2982 (j) 

2946 (sbb) 

952 (5) 

943 (2) 

947 (3) 




1 

988 (2) 

982 (0) 





DISCUSSION. 

According to Bonino the shift 670 is due to the outer vibration of CH3 
group. But its absence in jS-pinene is not In harmony with this suggestion. The 
shift 909 is connected with the oscillation of C=C in the ring while 922 is the 
outer vibration of =CHo. 

The similarity in structure of / 3 -pinene with a-pinene is shown by the large 
number of Raman lines which are common for these compounds. The absence 
in /8-piuene of the equally spaced lines near 1448 cm"^ ascribed by Bonino to 
the rotation of C — H group disposes of his speculation as to the origin of these 
shifts. The number of shifts in the region 1 100- 1400 cm ’ usually corresponds 
to the number of differently placed CH linkages. The smaller number of shifts 
in i8-pincne in this region is no doubt due to the greater symmetrical structure of 
this compoulid. 
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The shift 1638 cm~^ due to the semicycJic double bond indicates the weak- 
ness of this linkage compared to that in the ring which causes a shift of 1658 
cin"^ T!ie double bond in the side chain is however strdng as the Raman shift 
corresponding to this is 1678 cm ’ . 

Dipeulene gives a Raman spectrum showing all the characteristics of limonene 
plus that of anotlier compound having a strong frequency at 1610 cm”^. Dupont 
and (jachard " in the course of their study of the products of reaction of sulphuric 
acid on turpentine by Raman effect ascribed the prominent shift 1615 cm~^ 
to a-tcrpincnc and the doublet 1668-16S1 cm“' to tcrpinoleue. The strong 
shift at i6ro cni~' is likely to be due to the presence of a-terpinine in 
the sami)]e of dipentenc examined by us, the decreased value and increased 
intensity being due to the presence of conjugated double bond in this com- 
pound. This signifies that dipentene is heterogenous in nature but this is 
due to the occurrence of products of intramolecular isomerismisation of dipentene, 
a phenomena quite common in terpene chemistry. According to Simonsen 
the double bond in the isopropylene group can change to the semicyclic position 
giving tcrpinolene and thence migrate to the ring yielding <x-tcrpinene, the latter 
being the most stable product of isomerisation. Escourrou claims to have 
proved as a result of cxi)eriraents on the oxidation of limonene with ozone that 
it always is a mixture of limonene, lerpiiiolene and cx-terpinene, the composition 
of the specimen examined by him being limonene So%, terpinolene 12 , and «- 

terpinens 8%. Simonsen remarks “If further experiments should substantiate this, 
the limonene like so many other members of terpene group may be an inseparable 
mixtine of isomeric hydrocarbons.’’ If one assumes similar changes to take place 
in dipentenc during the destructive distillation of rubber, this being the method by 
which dipentene is usually prepared, it is natural to exiiecl a larger percentage of 
the most stable product of isomerisation, viz., a-terpinenc in the dipentene. The 
poor yield of isoprene from this sample in presence of hot metal filaments lends 
further support to this view. We are preparing dipentene by different methods 
with the idea of studying the Raman spectra. 

The similarity between the structures of camphor and fenchone is shown by 
the large number of common shifts in the spectra of both of these 
compounds. 

Identification of the shifts due to CH2CO group in camphor which is absent 
in fenchone is important from the chemists’ point of view. Although the shifts 
1737 cm“^ due to CO is the same in fenchone and camphor, the bands at 1448 
era”’ due to CII2 are quite different as expected. It is interesting to note that 
on the plates there are three faint shifts 1412 (i), 1440 (i) and 1480 (o) cm~ '■ 
in camphor and only two lines 1450 (5) and 1484 (2) in fenchone in this region, 
the ".mailer value (1412) and lower intensity of the band being due to the reactive 
nature of the methylene group in camphor. The CO frequency is not however 
perceptibly distmT-:! by this tendency towards enolisation. Further, the increased 
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value (1737 cin“’) of this frequency over the usual (1715001“^) value for 
ketones is shown in chemical reactions, camphor and fenchone do not react 

with phenyl hydrazine. 

Perhaps the most interesting speculation regarding the Raman spectra of 
terpenes and camphors is the search for factors influencing the optical activity of 
these compounds. One should expect that something should happen to the CO 
frequency either in polarisation or in intensity under the influence of the active 
carbon atom. Similarly the shift due to semicyclic double bond in / 3 -pinene which 
becomes optically active due to induced dissynietry may show differences. Study 
of the Raman spectra from this viewpoint is being continued. 

DKPARTMI'INT of GKNHRAL ClIKMlSTRY, 

INDIATSI iNSTiniTK OF SCliiNCF, 

Bangai^ore. 
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Plate V. 

ABSTRACT. Tn contiiination of previous work the lotigj and short lines of some more 
elements, viz., Zii, and Fc have been el.nssificd. The fundamental generalisations laid down 
there from a study of the long and .short lines of Cu that if the relative orientations of the 
resultant L and 5 vectors in the initial and filial stales are compared then those for which the 
change in the orientation is large are short lines, whereas those for which the orientation 
change is small come to the category of long lines, is in general shown to be valid in these 
cases also. 

§ I. INTRODUCTION. 

In cl previous paper ^ the long and short lines of copper have been, classified 
and it lias been shown that if for each spectral line the relative orientation of the 
resultant L aud 5 vectors be calculated for the initial and final states from the 
formula 

72_59-j2 

'-vu'- 

then in general the lines, for which the change in the orientation is large or there 
is a change in the multiplicity, are short ; whereas, those for which the onentation 

change is small come to the category of long lines. 

The work has now been extenaed to silver, zinc and iron and in every case 

the same condition has been found to hold good. 

53. eXTERIMENTA'L. 

The experimental arranEement is precisely the same M m ^ 

copper, only the current required to maintain the are steady wasdrfierentm 

In the ease of zine there was eoosiderable amount of drfficdty m ke^mg 
the arc steady due to the very rapid fonnatiorr of the oxide wl^eh accumulated 

iutheeleetrlsmtheform of Socculeut masses. Thrsarfficulty .was removed 
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hy burning the arc in a closed chamber provided with a quartz window and 
drawing out the fumes by means of a pump working at a moderate speed. This 
not oniy kept the quarlz windo\v clear but also maintained the arc steady owing 
to the i)roductiou of partml vacuum in the chamber. 

In the iron arc there is hardly anything like a flame of the arc with the 
result that wifli the oj)en arc all the lines had nearly the same length and the 
classification of the long and short lines becojnes difficult. But in the case of 
coiiper it was observed that if the i)hot()graph be taken at a reduced pressure the 
lines which are really short become very much reduced in length j \\dieieas the 
long lines inactically remain unafTected, thus rendering the identification of 
the long and short lines more certain. Tii the case of iron arc the .same 
proeedTire was succe.s.sfully ado[)ted in the classification of the long and short 
lines. 

The vacimm arc described in the iwevious paper was used for exi)eriments 
at reduced pressures. 

§,■5. RXrKRIMRNTAX RltvSUI/PvS. 

Silrcr. Table r contains lines of the P-P combinalimi transitions from 
various initial levels to a particular final level grouped logctlier, tf) show at a 
glance how the lengths vary as the orientation between the L and S vectors 
changes. 

llic coiififiiii alien of the atoms and the of the various terms arising 

therefrom, as also their values, have been obtained by reference to II. A. Blair ^ : 
and Bachar and Goudsmit : 


Tabi^k 1. 


rinal level. 

Initial level. 

A 

Nature. 

Ad 

Configuration. vSymbnl. 

Configuration. Symbol. 


In degrees. 

4 d'" i/> 

4di« 5d 

E 

5209 -o 

long 

0 


6d 

4o55‘3 

»» 

0 


yd 

.3682-5 

1 > 

0 


srf 

547 i ’4 

.short 

180 

»pu 

■» 

J 

5465 

long 

0 

1 

6(* 2D, 

4212’7 

short 

180 



42 TO ‘9 

Ions 

0 


7d 2/)^ 

E 

3811-8 

not resolv 

ed from 


1 

3810*9 

long 

0 
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Table II consists of lines corresponding to transitions involving an 5 level so 
that in their cases the angle between the L and 5 vectors becomes incomprehen- 
sible. 

Table 11 , 


Final level. 

1 — 

Initial level. 



Configuration . 

Symbol. 

Configuration. 

Symbol . 

A 

Nature. 

4dB> 55 


4 d'o 5 /> 

,p„ 

3382-9 

long 





3281-7 

l> 

4 dl 0 5 /> 


4^10 ys 


4476- I 

1# 



Ss 


3840' 8 

short 



gs 


3586-9 

ji 


Spn 

11 

/id’® 7s 


4668 '5 

long 



Ss 


3981*6 

short 



QS 


3709’3 

It 



JOS 

■ .A, 

35 <^ 9 ’^ 

n 


Zinc. 

The classification of this spectrum can be found in Fowler’s Report on Series 
ill Line vSpectra, pp. 0-141 and the term values in Bachar and Goudsmit’s 
‘Atomic KucTKy StatCvS/ pp. 519-521. 

Table III contains lines of the P^D combination and Table IV those involv- 
ing an 5 level. 

TABijE HI. i 


Final level. 

Initial level. 




. _ 

1 

_ 

— 

A 

Nature. 

A 0 

Configuration. 

Symbol. 

Configuration. 

c 



In degrees. 

4 ^ 4P 

spi; 

4s 4d 


3283*2 

long 

1 

1 

0 



4 S 5<i 

w, 

27564 

1* 

short 

0 


apS 

4s 4d 

Hh 

3302 9 

1 60 





3302*5 

long 

15 



4 S 5 d 

3 /)i 

2770-9 

not resolv 

ed from 2770*8 




3»2 

2770*8 

long 

^5 


apu 

4s 4d 

3Dl 

33 -i 5'9 

short 

iSo 




ID, 

3345’5 

1) 

105 




^Ih 

3344‘9 

long 

0 



45 5 d 

IP, 

280T *0 

not resolv 

cd from 2800*9 




^3 

2800*9 

long 

0 

4s 4p 

ip « 

1 

4 « Sd 

W, 

4629 8 

ft 

0 
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Table IV. 



Initial level. 

\ 

Nature. 

Configuration. 


Configuration . 

vSymbol. 

45* 

'•So 

4 S 4p 


3075 ’8 

long 

4 S 4 P 

»PS 

4 S 55 


4680*2 

ft 



45 65 

S 51 

3018*3 

ft 


spo 

4 S 5S 


4722*1 

II 



4s 6s 

*•51 

3035‘S 

II 


sp; 

45 55 

35 i 

4810*5 

II 



45 6s 

“•s* 

3072*0 

1 1 


Iron. 

The classification of this complicated spectrum has been taken from a paper 
by Taporte^ and the terms from the book ‘ Atomic Energy ^States ’ by Bacher 
and Goudsmit, pp. 191-199. 


Table V, 


Final level. 

Initial level. 

A. 

Nature. 

Aa 

in degrees. 

Configuration. 

Symbol. 

Configuration. 

Symbol. 

3d® 45a 

sp, 

3d® 4s 4P 

6770 

37i9'9 

long 

0 


if 

II 

6170 

36799 

short 

75 


k'A 

If 

Bpo 

36493 

II 

110 



99 

Epo 

3737’! 

long 

8 


$9 

99 

6170 

3705 ’5 

short 

27 


»9 

99 

®FS 

3683'2 

II 

57 



99 

*P',' 

34905 

II 

83 


in 

99 


34409 


22 



99 

6770 

37459 

long 

10 


9t 

99 

BJ70 

3722'5 

shor 

20 


99 

II 

*PY 

37078 

II 

60 


99 

II 

Bpo 

35360 

II 

138 


” 1 

9 

Bpo 

3475'4 

II 

15 


»bi ' 

99 

II 

Bpo 

3443’S 

37482 

II 

long 

60 

13 


99 

II 

Spo 

3733‘3 

short 

27 


99 


*P2 

34978 

II 

48 

i<p 4* 

»Do 

•Fi 

II 

3d^4P 

Bpo 

Bpo 

®D2 

Bpo 

3465‘8 

37455 

383 o '4 

3734‘8 

II 

long 

II 

II 

27 

0 

0 

0 




•G“ 

3589- 1 

short 





•gj 

3581 'I 

long 

0 ; 

— 



®G2 

3528-9 

short 

105 
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Table V -^(Continued). 


69 


Final level. 

Initial level. 




Cnng.r„. 

Configuration. Symbol. 

A 

Nature. 

in 

degrees. 


^ 

idf 4p 

3Gi- 

3513’8 


3G« 

3466-5 


6D" 

3887 '0 


5D» 

3825-8 


6 FO 

3798-5 

»> 

lF<i 

3749‘4 



3709’2 


sg; 

3647-8 


bg'> 

3 S 8 S '7 


5C« 

3540-7 


3G" 

3570’ -L 


3Gi 

3521^2 


SG" 

3483 "0 


W" 

3940-8 


SDJ 

3 S 78 'o 

3P 

SUS 

3834-2 


t,po 

3799‘5 


SFS 

3758-2 



3727-6 


5g; 

3631-4 


SGS 

3585-3 


5gs 

3565-3 


3G" 

3554*1 


SG? 

3526-1 



3452-2 

3d*4^4p 

^p'i 

38129 


®PS 

3442-6 


6D!! 

3917’! 


^D1 

3840-4 


®>'S 

3795-0 

3 d® 4P 

3po 

37900 

II 

5p<i 

3473-4 

3 d’ 4 /' 

l-F" 

3763-7 


ipt’ 

3743-3 



3618-7 

3$ 

6GS 

3586-9 

33 

3GS 

3558-5 

33 


389S-0 

33 

W'l 

3865-5 

33 

61) " 

3849-9 

33 

6F“ 

3787-8 

3 d® 4 * 4P 

3po 

3876-0 

If 


3786-6 

If 

5pj 

3446-9 

3 d^ AP 

5p<) 

3767-1 

Jl 

®GS 

3608-8 

ft 

epo 

4531 -I 

ft 

6FS 

4472-5 

ft 

®G? 

4383-5 

If 

6G'; 

42941 

If 

®G! 

4229-7 

If 

3G“ 

4271-7 

ft 

SGJ 

4202 "0 

ft 

®G« 

4147-6 

If 

sp« 

4045-8 

•1 

3po 

3969-2 

II 

sc; 

3815-8 


Rtoarks. 


spill change 


I spin change 


spin change 


spin change 
also 


I spin ('hange 


spin change 
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Table V (continued) 


Innol level. 

Initial level. 



A0 






' \ 

Nature. 


Remarks. 

Cujjfiguru- 

lion. 

Symbol. 

Configuration. 

Symbol. 



in 

degrees. 




- 3d® 4^ AP 

5/.-J 

403 2 '6 

short 

0 

spin change 



it 

s/r- 
®o j 

3(>J5'6 

II 

0 

II 



4P 

357-^2 

If 

83 

II 

3(J7 4.S 


5F", 

4547 ° 

short 

5 

II 

II 

If 


4404-7 

long ? 

5 

II 



II 


43370 

short 

34 






4291 4 

short 

So 



If 

M 


43o7'9 

long 

3 

II 



II 

3G“3 

42507 

short 

80 




II 


41438 

II 

TOO 

it 


II 

ft 


4ob3‘6 

long 

0 




tl 

3D“3 

3905 “9 

short 

100 



II 

II 

3D"j 

3827-8 

long 

5 



II 

jd® 4S 4p 

Il>'a 

4064-4 

short 

5 

spin change 


II 

II 


36937 

II 

105 

it 


Jl 

II 

5Z)'3 

3647 '4 

II 

17 

It 


>1 

If 

SD°, 

36t2'9 

it 

20 

It 


I* 

11 

Bjr»j 

351 30 

it 

60 

It 


!>F, 

AP 

SG“3 

44J5’-L 

tt 

46 

II 


it 

tt 

BG^a 

4367‘9 

It 

0 

II 


it 

II 

3c; *3 

43357 

long 

0 



II 

II 

3770 , 

4132-0 

short 

80 



it 

II 

3F”a 

4071-7 

long 

0 



If 

II 

3D°3 

3966-0 

short 

180 



If 

II 

Bp *2 

3888-5 

II 

75 



ft 

II 

3D'i 

3841*0 

long 

0 

spin clhaiige 


li 

Zd^ 45 4p 

SD'a 

3702-4 

short 

97 


II 

tt 

Bp ”2 

3666 -9 

it 

60 

1 1 


If 

It 

Bp"i 

36337 

it 

27 

II 


II 

tt 

BF'a 

3464 ’T 

It 

40 

It 


If 

it 

5F»j 

554y'8 

II 

40 

II 


The following tabic contains lines of the D — D"’ transition in the region 


studied. 


Table VT 


Final level. 

Initial level. 

A 

Nature. 

Configuration. 

Term. 

Configuration, 

'J'crni. 

452 

BP, 

3d® 4B AP 

5P% 

3859'9 

short 

II 

II 

it 

Bp *3 

3824'4 

II 

It 

'P3 

It 

Bp', 

3922-9 

II 

•1 

If 

II 

BP»3 

3886-2 

II 

II 


II 

BP«3 

38567 

II 

II 

®P3 

II 

BP»3 

3933 3 

II 

It 

II 


BP", 

3899" 7 

II 

II 

II 

II 

Bp“i 

3878-5 

II 

II 

Bpi 

II 

®P°2 

3927'9 

II 

It 

II 

II 

Bp'i 

3906-4 

II 

Jl 

It 

II 

BP-O 

3895'6 

II 


*^0 

It 

®P*o 

3920-2 

ii 
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§ 4. OBSBRVATIONS. 

Silver. 

Photographs were taken in the region A5480 to A3 200 in two plates. In 
this case also as in the case of coi)per it is observed that if the mode of synthesis 
of the L and S vectors taking part in the scheme of level transition be scrutinized 
then the lines for which there is a large change in the orienlation of L and S come 
out as short lines ; while those for which orientation change is zero appear as long 
lines. 

Table II consists of lines corresponding to transition involving an S level in 
wdiich case the value of L is zero and the angle between L and vectors becomes 
incomprehensible. It will be seen from this table that lines due to transitions 
from energy levels higher than 4 d^^(^S) 7 d appear as short. Below this all 
transitions give rise to long lines. 

As in the case of copper, here also some w'eaker lines arc longer than some 
stronger lines and among lines of equal intensity some are longer than the others. 
These shorter lines, however, correspond to the cases where the orientation change 
is large. This phenomenon is clearly brought out by the lines at A547x'4(5o) 
and 4212*7(35). The values corrcvSponding to both of these lines is 180'’ and 
these are much shorter than the lines at A46(S8'5(5o) and 4476*1(20). 

This interesting phenomenon is exhibited in a striking manner by the line 
at A4226'7g due to calcium v\'hich occurs as im])urity. This line is very weak 
but has a length comparable to the longest line in the ])late. ^This line appeared 
also in tile spectrum of copper as a very feeble line but stretched from edge to 
edge with about undimiuished intensity. 

Zinc. 

Photographs were taken in the region A.5000 to ^2700. Table III shows 
the same characteristics of the long and short lines, vie., is laige foi short 
lines and sniall for long lines, as observed in the previous cases. The following- 
table will show as put forward iii the earlier instances, that intensity does not 
always regulate the length of lines. 


Table VI. 



72 


S. Datta and K, N. Chatterjee 


From the above table it will be seen tliat the line at A2756 is weaker than 
all other lines bnt appears as long due to the fact that its AO value is equal to 
zero. The other lines are all of equal intensity but their lengths are different, 
being greater the vSmaller the value of and vice versa. 


Iron. 


Photographs were taken in the region A4500 to A3400 in two plates. The 
sj)eclniin of iron is more complicated than that of any of the i)revious elements 
examined ; still the fundamental generalisation, viz.y that if the relative orientations 
of the resultant L and S vedors in the initial and final states are compared then 
those for which the change in the orientation is large arc short lines whereas 
those for which this change is small are long lines, is in general seen to be tnie. 
Pesides these, traJLsitions which indicate a change in the 5 vector (f.e., in 
nuilti])licity) also come out as short lines. A few exceptions to the above 
generalisation occur. These have been marked in the table with a note of 
iiiUrrogaiion. 

In the case of copper all transitions of the type P, F and G were 

found to give rise to short lines. Tn the present case only the V — >^D types give 
rise to shoit lines and the rest are long or short according as their AO values are 
small or large. 

The variation o{ lengths of lines, in the arc spectrum of iron, with a 
reduction of pressure is similar to that in the case of copper differing only in 
degree. The copi)er lines arc more sensitive to pressure effects so that lines 
corresponding to a very small value of AO and having faiily large values of 

mtensity are consicleral,ly,shorteueclAvith a. slight reduction of pre.ssure and the 

lines which remain long at a moderately low pressure arc only those for which 
A0=o. But ill the case of iron, lines with large values of only are shortened 
in length viiien the pressure is reduced and those having AO etpial to zero or a 
small value remain long up to a very low pressure as much as 4 or 5 cm. of 
mercury. 

In the spectrum of iron as in all other previous cases the interesting 
phenomenon that some weaker lines are longer than some stronger lines and 
among lines of equal intensity some are decidedly longer than the others is 
clearly brought out by the following lines. 


A. 

I. 

4143 8 

30 

4202 'o 

30 

4404-7 

30 

[3%’7 

30 

382/1*4 

looR 

57‘^^'5 

looR 

3733‘3 

80 R 

3443 '8 

5 or 



AO. 

Nature. 


100 

short 


97 

tf 


5 

83 

20 

long 


short] 

If 


27 

If 


60 

If 

11 


465 - 


DATTA © CHATTERJEE 


PLATE V 







Some characteristics oj the long and short spectral lines 73 

Thus from a study of the long and short lines of these elements the 
generalisation made in the i)revious pai^er seems to be verified. 
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ON THE WING ACCOMPANYING THE RAYLEIGH LINE 
IN LIQUID MIXTURES, PART I. 

By S. C. SIRKAR. 

Plate VI 

(Received jor puhlicaitoUf I 3 ih Dec., / 935 J 

ABSTRACT. The distribution of intensity in the wing acTonipanying the Rayleigh line in 
the spectra of light scallercd by a 40% solntinn of benzene in cyclohexane and by a 20% solution 
of benzene in methyl alcohol has been investigated experimentally and compared v\itli that due to 
pure benzene. The times of exposure for recording the scattered spectra have been so adjusted 
that on the spectrograms due to the mixtures, only the wing due to benzene has been recorded, 
that due to the solvents being too feeble to be recorded for such times of exposures, and at the 
same time the. vibrational Raman line 990 cm"* of benzene has been recorded with nearly the 
same density on all the spectrograms. It has been observed that, beside.^ a slight diminution of 
the intensity in the region very near to the Rayleigh line and a slight increase at about 50 cm"* 
from the Rayleigh line in the case of the solution in cyclohexane, no other appreciable cljangcs 
occur ill the distribution of the intensity in the wing due to benzene on dissolving the liquid in 
these solvents 'I'liese resulLs as well as those obtained previfmslv, when discussed in the light 
of the existing theories regarding the origin of the wing, point out that at least in the case of 
benzene, the origin of the \MTig cannot be attributed to lattice oscillations in quasi-crvstalHne 
groups present in the liquid state. It has been pointed out that in the case of benzene, the dis- 
crepancy between the distribution of intensity observed in the ca.se of the liquid and that in the 
case of vapour can be explained by assuming that the wing owes its origin partly to the rota- 
tional Raman effect and to the widening of the Rayleigh line due to the fluctuation of 
intennolccular field caused by non-periodic and abrupt impacts of neighbouring molecules on the 
scattering centres, as suggested by Cabannes and Rocard. 


§ I. INTRODUCTION* 

The distribution of intensity in the wing accompanying the Rayleigh line 
in the spectra of light scattered by some organic liquids has been studied pre- 
viously by various observers. There is some discrepancy between the observed 
distribution of intensity in the wing and that expected from the theory of rota- 
tional Raman effect. Various attempts have been made to account for this discre- 
pancy. According to Bhagavajitam,^ there are some groups of molecules present 
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in the liquids having heavy anisotropic molecules and the molecules in these 
groups are not free to rotate, but interim olecular vibiations can take place in these 
groni>s giving rise to a continuous Raman band, the intensity of which is maximum 
at the centre of the Rayleigh line and diminishes in accordance with the exponen- 
tial law. Crfoss and Vuks ^ have recently observed that in the spectra of light 
scattered by certain organic ciystals, there are a few Raman lines or bands in the 
neighbourhood of the Rayleigh line and when the crystals arc melted, these lines 
broaden out so as to form a continuous wing. From these observations the said 
authors have concluded that the origin of the.se lines observed in the case of the 
crystals may be attributed to lattice oscillations, and also the wing observed in the 
case of liquids in the neighbourhood of the Rayleigh line has the same origin as 
the lines mentioned above. According to these authors, quasi-crystalline groups 
persist in the liquids and lattice oscillations take place in these groups, but owing 
to looseness of these oscillations, a continuous wing is formed on each side of the 
Rayleigh line instead of discrete Raman lines as in the case of the crystals, so that 
the major jDortion of the wing owes its origin to vibrational Raman effect. More 
recently , Bhagavantam ^ has put forward the hypothesis that the wing owes its 
origin to hindered rotation and oscillation ” of molecules in quasi-crystalline 
groups, the nature of these oscillations being different from that of lattice oscilla- 
tions suggested by Gross and Vuks. 

Cabannes and Rocard,^ on the other hand, pointed out long ago that there 
may be non-periodic and abrupt changes in the amplitude and phase of the 
scattered radiation owing to the fluctuation of intermoleciilar field caused by ifii- 
pacts of neighbouring molecules with the scattering centres, thermal agitation 
being responsible for such impacts. When these changes in tlie amplitude and 
phase are repicscnted by Fourier scries, it is found that the phenomenon is equiva- 
lent to a bioadeniiig of the Rayleigh line, the intensity being maximum at the centre 
and falling off as in the curve of errors." Rousset ^ has recently i:)oiuted out 
that half the width of the Rayleigh line calculated according to this theory is 
abont 150 cm ^ in the case of benzene, agreeing fairly with the observed 
value. 

Of the hypotheses mentioned above regarding the origin of the wing, 
those according to which oscillations in quasi-crystalline groups in the liquid 
are responsible for the origin of the wing, can be tested easily by studying 
the changes which take place in the distribution of the intensity “in the wing 
on dissolving the liquid in a solvent which itself gives practically no wing. 
If the wing be produced by oscillations in quasi-crystalline groups of mole- 
cules, the intensity of the wing relative to that of any vibrational Raman 

hue of the smgle molecule should be niuch 1^^^^ case of the solution than 
I le case of the pure solute, because the quasi-crystalline groups are expected 
o c ')ro'en up in the solution. Since the distribution of intensity in the 
wmg ue to benzene in difTemt states and at diflerent temperatures has been 
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studied previously, this substance has been chosen in the present investiga- 
tion and the divStribution of the intensity in the wing observed in the case of 
pure benzene has been compared with that observed in the case of solution of 
benzene in two solvents, one having non-i)olar and the other polar molecules. 
These results as well as those obtained previously, have been discussed in the 
present paper. 


§2. KXPKRIMBNTAlr. 

In order to choose a suitable .solvent the wing due to which is too feeble 
to be recorded in a time of exposure in which the wing due to benzene dissolved 
in it can be recorded with sufficient intensity, the Raman spectra of a few simple 
organic liquids were recorded with identical experimental arrangements, and 
the relative intensities of the wings w^ere examined. It w^as observed that the 
wings due to cyclohexane and methyl alcohol are much feebler than that due 
to pure benzene. These two substances were therefore chosen as the solvents 
having polar and non -polar molecules respectively. The liquids (Kahlbaums) 
were all distilled in vacuum, as usual, and all the precautions necessary for avoid- 
ing stray light were taken while the scattered spectra were photographed. A 
Fue.ss spectrograph having ojitical parts of glass and a dispersion of about 115 
A.Ihpermm. in the region of 047 A was used. This particular spectrograph 
produces absolutely no coma on the Stokes side of spectral lines in the region 
mentioned above. The width of the slit was about 0*02 mm. throughout the 
whole expcrimcnl. A glass condenser was used to focus the mercuiy arc on the 
tube containing the liquid. The procedure for recording the different Raman 
spectra was as follows : 

The Raman spectmiii of pure benzene was first recorded with suitable 
densities of the wdng and of the Raman line 990 cm. The Raman spectra of 
a 40% solution of benzene in cyclohexane and of a 20% solution of benzene in 
mclbyl alcohol were next recorded with the limes of exi')Osure increased in these 
two cases in such a way that the densities of the Raman line 990 ern ^ of ben- 
zene excited by the Hg line 4 04 7 A were almost the same in all the three cavSes. 
Raman spectra of pure cyclohexane and pure methyl alcohol were next recorded 
with proper times of exposure. Ilford Golden Isozenith plates fiom the same 
packet were used and the plates were developed under identical conditions. 
Microphotometric records of the spectrograms were obtained with the help of a 
Moll’s self-registering microphotonieter, precautions being taken to obtain the 
iiiakiraum resolving power of the instrument. Ihe recoids obtained are repro- 
duced in Plate VI in which records I-V represent those due to pure benzene, the 
solution in cyclohexane, the solution in methyl alcohol, pure cyclohexane and 
pure methyl alcohol respectively. The broken straight line in each record repre- 
sents the line of infinite density. Since only the long wa\e-length side of the Hg 
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line 4047X and its neiplibours is free from coma, the distribution of intensity of 
the wins on the Stokes side alone can be investigated from these records. For 
this j)urpose, the portion of the record due to the Rayleigh line alone, which 
would be obtained had the wing been absent, has been drawn in each record 
in broken line on the vStokes side. 


§ 3 - EXPFRrMENTAb RE.SULTS. 

Tt will be obseived from the records I-III in Plate VI that in all the three 
cases the Raman line 990 cm~' of benzene excited by the Hg line 4047X. is 
almost of the same intensity and at the same time the wing on the Stokes side 
of the said Hg line extends up to the same distance from the centre of the 
Rayleigh line. It can also be seen from the following reasons that the wing 
recorded in each of the three cases is that due to pure benzene alone. The 
Raman line bo2 cm ' of cyclohexane in record II is much feebler than the 
same line in lecord IV due to pure cyclohexane. Hence the wing due to 
cyclohexane is much feebler in record II than in record IV, and considering 
its small intensity in record TV, it can be safely concluded that the wdng due 
to cyclohexane is absent in record II. Similarly the vibrational Raman lines 
of methyl alcohol excited by the 3650X. group marked by the arrows in record 
V aie absent in record III, and therefore the wing due to methyl alcohol which 
is almost absent in recoid V is completely so in record HI. It was further 
verified that the Raman lines of methyl alcohol excited by the Hg line 4047^ 
weie fecblei in the record HI than in record V. It can also be seen from these 
records that theie is no overlapjnng of the vibrational Raman lines with the 
wings rctoided. Of course in the case of cyclohexane, there are three Raman 
lines 2630 cm-’, 2662 cin'i and 2695 enr’ excited by the 3650K group which 
may overlap with the wing excited by the line 4047X, but record TV shows that 
when the other much stronger companions (marked by arrows) of these lines are 
recorded with appreciable intensity, the lines themselves are too feeble to be 
recorded and they are still more so in the case of record II. 

As regards the distribution of intensity in the wing, it will be seen from a 

toraparisoii of records I and II that on dissolving benzene in cyclohexane, there 
has been a little diminution of intensity in the portion of the wing lying close 
to the centre of the Rayleigh line, and a slight increase over a small range at 
about 50 cm ^ from the centre of the Rayleigh line. In the record III, the 
Rayleigh lines appear to be stronger than in the records I and II. This is because 
the solution in methyl alcohol being very dilute (about 20%), a longer time of 

exposure was necessary in this case* for recording the Raman line 990 cm-' of 

benzene with the same density as in the lirst two cases, and consequently the 
Rayleigh line due to methyl alcohol being of considerable intensity and superposed 
on that due to benzene has increased the total intensity of the latter. By comparing 
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the records 1 and III, it can be seen that on dissolving benzene in niethyl alco- 
hol, there has been slight increase in the intensity of the wing over a region from 
about i6 cm“ ' from the centre of the Rayleigh line up to about 50 cm~^ . It can, 
however, be clearly seen that in the case of the tw'o solutions there has been no 
diminution of intensity in those portions of the wing which arc far away from the 
Rayleigh line. 


§ 4. DISCUSSION or RKSUDTS. 

From tlie above facts observed it appears that in the case of liquid benzene, 
the origin of the wing cannot be attributed to the lattice oscillations in the quasi- 
crystalline groiqrs which may persist in the liquid stale, because these groups 
are expected to be broken up and consequently the intensity of the wing ought 
to have diminished appreciably on dissolving the liquid in the two solvents. The 
results of recent investigations of Cartwright clearly show that when such 
quasi-crystalline groups arc actually present they are broken up on dissolving 
the liquid in solvents. Also, it has been observed l>y the present author ^ that 
in the case of naphthalene, the Raman lines which arc produced by intermolecular 
oscillations in groups of molecules, disappear completely on dissolving naphthalene 
in methyl alcohol. From these facts it can be safely concluded that in the case 
of benzene also, if there were any quasi-crystalline groups in the liquid, they 
would be broken up in the solution and if there W’cre any portion of the wing 
having its origin in oscillations in these groups, this portion w>ould disappear in 
the case of the solutions. 

As regards the results of X-ray analysis reported by Ward ** that in a mixture 
of benzene and cyclohexane small groups of molecules are present, some contain- 
ing only 10 to 100 molecules of benzene and the others about the same number of 
cyclohexane molecules, it has to be pointed out here that the ” cybotactic ” 
groiqis which are responsible for the origin of X-ray diffraction halo arc different 
in nature from the quasi-crystalline groups in which intermolecular oscillations 
can take place. In order that X-rays may be diffracted with sufficient intensity, 
a regularity in the aiTangeinent of molecules at any instant in small regions 
occurring frequently in the liquid is necessary. At any other instant, the centres 
of tlie regions of regular arrangement are in some other positions. Hence it is not 
necessary for X-ray diffraction that the cybotactic groups should have rigid 
structure having definite intermolecular forces, but on the other hand, these groups 
may be constantly broken up at some places and formed in other places in the 
liquid. In fact, results of X-ray analysis cannot reveal the existence of small 
quasi-crystalline groups of molecules in the liquid when these groups are actually 
present. For imstance, Stewart ^ has concluded from the results of X-ray analysis 
of water at different temperatures that there is only one kind of molecular 
grouping in water and tliese groups arc the cybotactic groups each containing 
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^ severa] hundred to several thousand molecules of water. On the other hand, from 
\ the results of investigations of the infra-red ’ ° and the Raman spectra ^ ' of water, it 
can be definitely concluded that there are small quasi -ay stalline groups 
of different kinds present in water. Hence from X-ray evidence it cannot be 
concluded that quasi-crystalline groups of benzene molecules arc present also 
' in the solution of benzene in cyclohexane. 

Even from a comparison of the Raman spectra of benzene in the crystalline 
and liquid states the conclusion cannot be drawn that the wing observed in the 
case of the liquid has its origin in “vibrational Raman effect.” Gross and 
Vuks ' ® have ohserved two extra Raman bands in the case of .solid benzene, 
one at Av=68 cm"* and the other at Av=io3 cm"*. It has also been observed 
by these authors as well as by the present author, in the case of naphthalene and 
diphenyl ctlicr, that on melting the crystals such lines only become broader but 
they are not shifted very much. Since the intense portions of the wing due to 
liquid benzene lie within 50 cm"* from the Rayleigh line, it is evident from the 
facts mentioned above that the Raman bands 68 cm"* and 103 cm"* observed 
in the case of solid benzene have no connection whatsoever with the intense 
portions of the wing due to liquid benzene. Also the fact that the intensities 
of tfie wing in those portions where the said bands occur do not diminish at all 
on dissolving benzene in different solvents, clearly indicates that the wing 
observed in the case of the liquid and the bauds observed in the case of the 
solid have quite different origins in the case of benzene. 

It can be also .seen from the reasons set forth above that the hypothesis liut 
forward by Bhagavantam,® according to which the wing in the case of liquids 
having heavy anisotropic molecules like benzene owes its origin to “hindered 
rotation or oscillation ’ ' of molecules is not supported by the facts observed in the 
present investigation. In order that such hindered rotation or oscillation may 
lake place, the presence of quasi-crystalline groups with definite intermolecular 
forces are necessary. It has been shown by Cartwright** that the infra-red 
band at 160 cm"* of water, which is due to “ hindered translation” instable 
quasi-crystalline groups of water molecules, disappears completely on dissolving 
water in dioxane. Since the intensity of the wing has not diminished on 
dissolving benzene in any of the two solvents, quasi-crystalline groups cannot 
be rejiponsible for the origin of the wing in the case of liquid benzene. 

It was observed previously * ** that in the case of benzene vapour at about 
2io°C. and under a pressmre of about 15 atmospheres, the observed distribution 
of intensity is in fair agreement with that expected from the theory of rotational 
Raman effect. It was also observed * * that in the case of liquid benzene at the 
same temperature and pressure as those of the vai)our mentioned above, the inten- 
sities in the portions of the wing which are very close to the Rayleigh line and are 
beyond 70 cm“* from the latter, are greater than those in the case of the vapour. 
This discrepancy cannot be due to the presence of quasi-crystalline groups in 
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Microphotonietric records of the Raman spectra, 

1 Benzene. 

H 40% solution of benzene in cyclohexane. 

III 20% >, methyl alcohol. 

IV Cyclohexane. 

V Methyl alcohol. 
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tlic case of llie liquid, because it is hifthly impi obabie that these Rroups will 
persist at such a high teiiipei-aturc. It can be clearly seen, however, that the 
discrepancy is due to the presence of some inlcrniolecular field in the case of 
the liquid, but this field may act in some other way instead of producing the 
quasi-crystalline groups. 

According to the theory of Cabannes and Rocard,’^ if the electric moment 
induced on the molecules present \\ithiu the Rorentz sphere be taken into con- 
sideration, it is found that each doublet can be resolved into one constant term 
parallel to the incident light vector and another variable term. The inter- 
inolecnlai field due to the first term and that due to the sec ond term have been 
called the " molecular field of heterogeneousness ” and the " molecular field of 
anisotropy ” respectively. As a result of abrupt and non-pei'iodic impacts of 
neighboni ing molecidcs on the scattering centres there i.s a Ilnctnation in the phase 
aiidamiditndc of the scattered radiation resulting in the broademing of the Rayleigh 
line. Ronsset,-'’’ has pointed out that if Av be half the u idth of the Rayleigh line 

widened by the field of heterogeneousness alone, Av= cm~‘ as in the case 

TTCT 

of broadening of the emission lines with increase of pressure, where c is the 
velocity of light and r the mean time elapsing between two successive imi)acts. 

lie has calculated the value of r by assuming that r = , where 5 = mean 

clisi dacement of the molecule and n the mean velocity of translation, and 
calculating the value of i from the relation arrived at by Rocard,’ 


r 


2 

2 



where r is the distance belrveen the centres of two molecules, Ri the gas constant 
per gram molecule, P the isothermal conqnessibility and b the co-volume. 

When the molecules are in contact w ith each other r—cr, the diameter of 

/ \ 1 


the molecule, and taking the value of v equal to 


3R1T f 
M / 


(M being the 


molecular weight) and of h equal to Tvlc-^, Av=-( r TsTf 1 

where N is the Avogadro number. Ronsset points out that in the case of 
benzene, taking the diameter molecule as 7 x io"^cm and sotne value of P which 
is not mentioned, Av— 150 cm On actual calculation, however, wnth 
equal to goxio"’^ (the \alue given in the tables of Randolt and Bornstein 
for i6°C.) and a- equal to 7 x io~‘’cin it is found that Av= about go cm~^. Of 
course, the molecular field of anisotropy may also contribute to the widening of 
the Rayleigh line, but the extent of widening due to this field is about the same 
as that for pure rotational Raman effect. 


11 
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Accordinj^ to tins theory, the width of the whm ouc^ht to diminish slightly 
with the rise of ten i])erat lire of the liquid, because /? increases with the rise of 
lcnij)CTatnre. Such a diniinulioii in the width of the wing with the rivSe of 
k'iTii)era1urc of the liquid has been oliserved in the case of benzene J ^ It seems, 
therefore, probable that this cfTect of intern lolecnlar field is partly responsible 
for the wing ol)Scrved in the case of liquids. Since it has been observed that 
at least in the case of benzene at high temperature/- there is a maximum which 
is shifted from the Rayleigh line in the distribution of intensity in the wn'ng, 
it can l)e safely concluded that the contribution to the intensity due to rotational 
Raman elTect is javdominant in the case of benzene. 

Tlie author's grateful thanks are due to Prof. I). M, Bose for his kind 
inlerest in the work. 


IkllT IvAHOKATOKV oi' I’jn sics, 

TTph-k CiKCiTiAK Road, 
Caiciitta. 


^ 'I'he present niitlior and Maiti observed that in the case of l)enzenc af room leniperntnrc' 
also, there is a niaxininm shifted from the Rayleigh line, but Rousset and Eliagavantaiii 
liavi' reported that using spcrtrograplis of larger dispersion they fail to detect an\' such 
maxiniimi. An attempt is being made to icpeat the investigation using an instninieiit having 
niueh larger dispersion and the results will be reported shortly. 
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THE SPECTRUM OF DOUBLY-IONISED ANTIMONY. 
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{Received for puhlicaUoriy 13th Dec., 1935.) 

ABSTRACT.— While investigating the structure of the spectra of Tc III and I IV, a com- 
parison of these spectra with those due to Sn T and Sb II was made by the author, as these 
form an iso-electronic sequence. This comparison led to a modification and extension of the 
analysis of Sb II due to Lang and Vestinc. A large number of the levels were assigned to the 
proper configurations and a few new terms discovered. 


§ I. INTRODUCTION. 

While working on the spectra of doubly-ionised tellurium ^ and trebly- 
ionised iodine,® the author found it necessary to make a close comparative study 
of the row of iso-electronic spectra, vSn I, Sb II, Te III, and I IV, Such a study 
revealed the necessity of certain modifications in the analysis of Sb II reported 
by Lang and Vestine,*'’ and it is the purpose of the present paper to record 
those changes with special reference to the 6p terms, the previous assignments 
of some of which appear improbable. 

This improbability was first suggested by the abnormality in the intervals 
of the 6p^D term identified by Lang. An examination of table I shows that 
these intervals are very regular in all the spectra homologous with Sb II. 


Table I. 

vip^D Jntervals in similar Spectra. 


Spectrum. 

Gc I. 

As II. 

Se III. 

SnI. 

Sbll. 

Te III. 

I IV. 

6/)3/)j_8p2 

— 

200'4 

309’S 

63 

1071 + 

(86) 

312 

931 

aDj-SDj 

— 

2 o 83‘5 

3i72‘o 

3565 

-135 + 
(5400) 

7620 

10371 


+ Values due to L^ng and Vestine, Those due to the present work of the 
author are given in parenthesis, 
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Further, the intensities of the lines in the 6s^P 6p^D nuiltiplet of Sb II, 
as identified by the above authors also seem to be unsatisfactory. They are as 

shown below. 


6I> 


Wi 

Wi 

6s 

1 (30) 

(12) 


3 /’i 

()2j 

(so) 



(6) 

(30) 



Tlie combination 6s'^r^ is relatively faint, and in fact fainter than 

6y^7^j-6/v*/)2. The other iiiiportant triplet term in vSb II was not identi- 

fied by Lang. The eorrespoiiding term was, however, observed to give strong 
combination lines in the spectra of Te III,'^ and As TI,^ although the intervals are 
found to be abnormal. The latter fact probably would account for the failure 
to identify the term in Sb II. 

The above considerations led the writer to undertake a careful reinvesti- 
gation of the spectrum of Sb II, in the light of the results he has obtained in 
Tc III and I IV. 


§ 2. EXPERIMKNTAi;. 

The sources used in these experiments were sparks in air, and in hydrogen, 
between electrodes of pure antimony. The lines of Sb II are very easily excited, 
and appear even in the ordinary spaiks in air. A large quartz Litlrow 
spectrograph was mainly used, and the photographic plates were of the 
Ilford special rapid type. Lines of the iron arc served to reduce the plates 
and lines due to impurities were eliminated by comparison with other spectra 
(mainly of copper and arsenic), produced under similar conditions. 


§ 3^ OBwSp:RVATTONAL. 

The terms due to Lang, a!? well as those identified by the author in the 
present Avork, are shown in table II. If the new assignments be adopted, the 
intervals of the 6p^D term are found to be in harmony with those in other spectra, 
as is evident from table I. 
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Multiplcfs. Sh JI. 


Term 




Designation. 

'J'crni 

6 s^Pt 

3Pi 

Laiip. 

Aiit]i(jr. 

Value 

80863-0 

S0465-8 


6/>37 )j = 

^ 639fi4-4 

16958-6(15) 

““ 



86' 2 



= 

63818 ’2 


16647-6 (100) 

6^30;, 

3/93 

58418 ‘6 



3/1, 

3/*j 

5ai.S4’3 

io;()-4 

21511 -8 (30) 

21111-5 (is) 

^r>. 

3/>, = 

5 «^^cS 3 9 

225S1- (a) 

22181-9 (12) 

3S-, 

3.S’, = 

57 oou ’8 


23464-6 (8) 

Ivaiig. 

Author 

Term. 

5 P^P(, 

3Pi 




I5OOOO 

146945 

(-) 

-S/>3 3pj ^ 

72863 

77136-1 (.3) 

74083-2 (2) 



-AA 7 


(.35) 

3/’, -- 

73310 


7.3635-6 (6) 

(.’9) 

.Srf'/lj - 

71604 


75335 '2’(S) 

(77) 

6(/3/9 t ^ 

35950 

114045-8 (4) 


(-) 

7Ji37>0 = 

44775 


103170 (5) 

7 s 3 j-i 

3P, =. 

440S4 


102857-4 (4) 


3J’2 == 

38183 


109300-4 (2) 

(5.3) 

'/’l 


107463 (1) 

104408-1 (a) 

(37) 

.\/>3 3pj 

72861-4 





“449 



f35) 

3Pj = 

73310-3 

139-55S (2) 


(77) 

6 d 3J9 j = 

35507-2 

2:}404-2 (10) 


(75) 

3Pi .. 

36799-8 

22557-5 (5) 

21484-1 (8) 

(71) 

3/->2 = 

37597 -8 

21757-0 (6) 

20686-1 (20) 

(73) 

>Pl - 

37271-7 


21012-2 (20) 

753 Pi 

7 s 31 \ -- 

44084 -o 

15270-3 (1) 



3/>, = 

37644-8 

21710-5 (15) 

20639-5,(10) 

(79) 

8s3p 

21485-1 


36798-2 (7) 


74727'2 


16308 6 (50) 


17726-4 (30) 

T44341 


7I031-.S (6) 

727.30-5 (a) 

io83S9'3 (o) 

X()02 .s8'6 (/]) 
106704-3 (3) 

15861-6 (a) 


30302-5 (3) 

19403-4 (5) 

19730-1 (2) 

19356-8 (6) 




74103-4 


M759'5 (2) 

ISS19-0 (5) 
1710a o (6) 

137309 
64348-9 (.3) 

65600-4 (2) 

93126-3 (6) 

94672-8 (8) 

17161-2 (5) 

19350 (13) 


34663-1 (3) 
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A much more striking evidence of the correctness of the above identification 
is seen in tabic III, which shows the very regular progress of the correspond- 
ing lines in vSn I-libe and Ge I-like spectra so far as they are known at 
present. 


Tablk III. 

Corresponding lines in similar spectra. 


Speclrutn. 

6s^pQ-6pWi. 

Sv 

6s^Pi-6pWi. 

Sy 

As IT 

St* HI 

jSiS^ 

26935 

S751 

17986 

26740 

8754 

Sii I 

SI) IT 
'JV TIT 

8726 

16958 

4655 

8232 

7697 

« 5 i 5 

16648 

24611 

8133 

7963 

vSpectrum . 

( 

Os^Pj-ep^Pi. j 

Sy 

6s3Pj-6/)3Pi. 

Sy 

As IT 

Se ni 

20053 

39579 

9526 

1 

17672 

25969 

8297 

vSnl 

Sb II 

Tc III 

11689 

2 IIT 2 

3^085 

9423 

12973 

7975 

15373 

26388 

7398 

11015 

Spectrum. 

6s^Pr6p^Ih- 

Sy 

6slPo-6f>sPi. 

Sy 

As 11 

Sell 

17689 

26302 

8613 

IQIIO 

28002 

8892 

Sn I 

Sbll 

Tc III 

S376 

16309 

24534 

7933 

8225 

11963 

21513 

34340 

9549 

12828 

Spectrum . 

6 .s 3 />i- 6 /> 3 P 2 . 

Sy 

6sSP2-5/)3P2 

Sy 

As 11 
.Se III 

21131 

31093 

9962 

18751 

27483 

8732 

Snl 

.Sell 

Te III 

I232I 

22182 

319.S6 

9861 

9764 

8605 

16443 

24248 

7836 

7805 


The fine structures of some of the intense lines of the Sb II spectrum in the 
visible region, were recently studied by Tolansky,® who slightly modified the 
previous work of Badami.^ The latter’s work confirms the present assignment of 
6p and terms. The work of Tolansky supports the assignments of 6p ^D\ 
and *1)3, the line v ibgsS’b yielditfg six fine structure components, three of which 
are due to one isotope (121) and the remaining, to the second isotope (123), of 
antimony. The interval factors of the 6p terms are found to be in consonance 
with those observed in As II. of the same chemical group. 
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In addition to the 6p terms newly suggested by the writer, the above table of 
multiplets gives other terms assigned to the various electron configurations. 
These terms were designated by Tang and Vestine by arbitrary numbers, men- 
tioned in the first column of the table 11. As has already been pointed out, the 
new assignments have been suggested by a comparative study of the row of Sn- 
I-iike spectra. The most important of these are the terms due to sp^ inner elec- 
tron configuration. It was observed previously by Rao,® that the values of the 
sp^ terms relative to the sp^s terms show a marked increase with increasing 
ionisation. The curves plotted in figures i to 4 , illustrate this peculiar regu- 
larity. In Sn I-like spectra, the crossing over of the sp^ and sp^s terms occurs 
at the third stage of ionisation, i.c., in Te III. The writer believes that this 
evidence afforded by these smooth curves supports strongly the assignments he has 
made. 



Figure i- 


Figure 2. 



Sp^ 

sp^s 


Gel As n Se HI 



Sp'^S 


Figure 3. 


Figure 4. 
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§4. TERM VALUES. 

'I'hc term values given in tables II and IV, arc calculated from the value 
1500000111“’ of the deepest term 5/i“Po due to Lang. The value of this term 
could also lie calculated from the lines, 

— SP^Pz = “ 69614. 

■’P2“6ii^P2 = 16443. 

It is found then equal to 151723 cms“’. As no greater accuracy can be 
claimed for this than for the value suggested by Lang, both being obtained from 
the simple formula aiiplied to two Rydberg mcmbeis only, the value given by 
J^ang and Vestine is retaiued in the table of terms below. The table is self- 
cxiilaiiatory. 


Table IV. 

T erms in Sb 11. 


1'enn 

Value 

'ferm 

Value • 

Latig 

Antlf)!- 1 


Lang 

Author 


6 s 3 />„ 

Same 

80863 ‘o 

(37) 

5/?3 3 P] 

72861 *4 



80465*8 

(35) 

3 Pj 

733io'3 



74727-3 

(77) 

6d V)i 

35507‘3 

’P, 

M 

H 

0 

tJ 

175) 

3 /'l 

36799-8 


hp -Vq 

63904 4 

(71) 


37597‘8 


^ 1 )., 

638i8’2 

(73) 

’Pi 

37271 7 

6 p Vh 

Same 

58418*6 

JS^Pl 

vSame 

44084-0 


64 SPi 

59354 '3 

3 Pj 

it 

37644-8 

■■'Vj 

V’2 

1 

58383-9 

’Pi 

>1 

383754 


1 Same 

57000*8 

3 Pl 

8 s 3 Pi 

3 I 485 'i 


I'inally, in table V is given a catalogue oft he lines of Sb II classified in 
the present work. The classifications due to Lang and Vestine are also included 
for comparison. 
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Table V. 

Classified lines in Sb II. 


K I. A. 


876 S4 (4) 
91491 (3) 
933 ’6 (o) 
93 c>'5S (1) 
937'J7 (3J 
057 ' 7 S (-J) 
973 'a,’, (4) 
007''17 (-1) 
I056'a7 (8) 

i(i73\Si (6) 

1196-74 (o) 
1^96-41 (.3) 
1327-40 (8) 
1349 S (3) 
i3SS'o (6) 

i374‘0 (2) 
1407-8 (6) 
I524’4 (2) 

i554'o (3) 
1874-5 (2) 
2716-72 (7) 
2884-07 (3) 
3001-70 (3) 
3520-47 (12) 

3893-75 (8) 
3929-23 U) 

4 til's (4) 

4260-55 (8) 
4271-54 (10) 

4427-25 (3) 
4431-87 (5) 

4500-93 (13) 

4594-93 (6) 

4604-77 (15) 
4647-32 (30) 
4653-32 (8) 
4711 26 (40) 
4735-44 (12) 
4757-81 (30) 
4765-36 (20) 
4803-01 (20) 
4S32-82 (20) 

4843-74 (lol 

4948-52 (3) 
5021-68 (4) 
5066-99 (2) 

5152-30 (5) 

5164-72 (6) 
5166-32 (12) 

5176-55 (15) 

5381-20 (10) 
5464-08 (15) 


V (vac) 


114045 

iog3oo 
10S3S9 
107463 
1067(14 
T04408 
1 0:585 7 
100258 
04672’^ 
()5 j: 36‘3 
83560-5 
77136-1 

75335*- 

74083*2 

73635*^ 

73730-5 

71 o 3 t ’5 

65600-4 

64348-9 

53232*9 

36798*2 

34663*1 

33304'^ 

28397'- 

25674 ’9 
25443*0 
24316-7 
23464-6 
23404"- 

22581-1 

22557*5 

22181 ’9 
21757*0 
21710*5 
2t5tt'8 

214^4*1^ 

21219*8 

21111*5 

2TOl2'2 

20978*9 
2o8iS-(5 
20686-1 
20639-5 
20202*5 
19(508’ T 

5 9730' T 

19403*4 

10356*8 

1935o'8 
193 1T5 
18578’T 
18296-3 


Classification. 


Ivang. 


5 /> ^P(,-77 

■i/’i -75 3J>jj 

3y>2~77 
-*?’«- 53 
3/*2-75 3P2 
- 55 

3P,-75 3Pj 
3/>j- l/.j 

'^’•1-55 

'7)2-75 

’•^'u-55 

^?’o-55 

3;*, -39 

-■*^’1-57 

^Pl-35 

^1*2 — 59 
-’^’2-55 
17)2-39 
^r\-37 
'•‘>'«-37 

67) 37),. — 79 

48-79 
67' *-^'0-79 


6s 3p,- 

15- 

6 s 37 ’j 

6p 3'7)j — 
6s-3p„- 
67.37)1- 
6s 37’,- 
6p 37)1 

6s 37*0 
6p37)2 
6s 3p„ 
6s3pi 
6p3D2 
6p 37 )j 
6s3Pi 
6p 3^2 
6p3P2 

6p 3^1 

6p37)2 


3.9,- 


6p ^9(1 

■48 

6 pir)2 

39i 

(?) 

7‘^ 

71 

7^ 3P2 

6p^Di 

75, 

6 p^Pi 

73 

63 

6p 

7^ 

7^3P2 

75 

63 


^^1 
35i 
ID2 
6 a' iPi 

Sp 


73 

7^, 

7*' 3P2 
■75 , 
-6p ISo 
— ^02 
— 16 


Autlj(_ir. 


SP 3po^6(i 

vSaino 

SP 3/;i 

3P0-7'-' '?’l 

Same 

5/^ 3p,-75ip, 

Same 

Same? 

.sp i/)2-7-OPj 

Same 

5/’ J-S-?*' ’{’1 

3p„-.<p3 3/>i 

3/’,-sd 'ih 

3pi-5p3 37.j 

37',-ip3 3p, 
3P3-5CJ '7)2 
3p2-5p3 3J\ 
l/)2-Srf '7)2 

17)2 -.Sp3 3/.J 
'.9„-Sp3 37.^ 
f)p3P2-8s-Jp. 

37), -6d 37 )i 

vSaliie 

V)2-’7^ >Pj 

Same 

Same 

8Pi-6d37), 

6s 3p„-(,p 3/'j 

6p3j>i-6(7 3j.j 

Os3Pi-6p 37’2 

6p3pj-6(J3/>2 

„ -7-'-3P2 

fi,9 37’„-6p3Pi 

6p3/>y-6d37.j 

vSamc 

69 3p,-6p3p, 
6p37’2 — 6(7ipi 
6p37;,-7sipi 
vSanie 

6p3P2-6d3p2 
6p3P2-7s3Pj 
6p-’.9i-3d3Pi 
6p3P2 — 7.9 ip, 
3.9, -6(7 '7’, 
3.9j - 371J 

Same 
'7)2- 3Pi 
Same 
Same 

s7.3S/)_6p37)jj 
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Table V — (continued). 


Classification. 


K. L A. 


y(vac) . 


Lang. 


Author. 


553173 ( 3 ) 

5555 ' 99 (i) 

5568 - 13 (^ 5 ) 

563975 ( 30 ) 

57 " 5 - 5 o( 8 ) 

5825-50(5) 

5845-65(6) 

5895 - 09 ( 15 ) 

5981-42(1) 

60115-21(100) 
6079-79(30) 
6130-04(50) 
0302 ' 76 ( 12 ) 

631976(5) 

6503’ 26 (6) 
65/16*86(1) 
6629*48(1) 
67 T 3 ' 6 o( 3 ) 

677875(2) 

6915*58(4) 

7163*50(2) 

73 ^ 3 '^ 


18072*5 

17993*6 

17954'4 

I 7726'4 

17522-1 

17161-2 

17120*0 

16958*6 

16713-8 

16647-6 

i 6443'3 

16308-6 

15861*7 

15819*0 

153727 

15270*3 

15080-0 

14891*0 

14749*5 

14456-1 

I 39 S 5'8 

13613-0 


,37 

6 />l 5 o 

6 s'Pi 

6 siPi 

6 />iSo 

35 

6 .t>Pi 

37 

33 

6 s^Pi 

.37 

6s' Pi 

’Pj 

6 p^Di 

6 s 3 Pj 

35 

6 slPi 

^Pi 

,35 

6 plDi 


-ep^Sa 

- 75 , 

- 6 /)iDa 

- 6 ^ 35 , 

-73, 

- 6 p'Di 

- 3 «;, 

-6/)>Pa 

-40 

- 6 /) 3 n 2 

-37)3 

- 3 S -1 

-’Pj 

-l/lj 

- 7 s 3 Pi 

-6/>lPi 

-P3 

-Pi 

-Pi 

-SPl 

-53 


sp^Pl-Cp^Di 

6/)iSo-6d3p, 

Same 

Same 

6 /ii 5 o- 6 dlP, 

s/)33p.^-6plpj 

Same 

6 s 3 Po- 6 /> 3 p, 

6 s 3 p,- 3 p 2 

3 P 2 - 3 P 2 

Same 

S/) 33 pj_ 3 , 9 j 

6 siP,- 37’2 
3Pa-3Pi 
6 /> 3 J’| — 7 s 3 Pi 
Same 

S^ 3 Jpj_ 6 ^ 3/)3 

6 s'Pi- 3 pi 

S/>» 3 Pa- 3 p, 

3 p 2 - 3 p, 

6plP2-7SlPi 
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THE EFTECTS OF HEAT AND ULTRA-VIOLET LIGHT ON 
THE RECTIFYING ACTION OF SOME CRYSTALS. 

By B. K. sen, M.Sc. 


(Received jor publication, luth July, 1935.) 

ABSTRACT. The efleels of heat and ultra-violet light on the rectifying properties 
of .some cry, stals have been experimentally investigated. The reclifi’ing property is nb.served 
generally to decrease with the rise of temperature, as has also been observed by previous 
observers. In the case of the iron pyrites cry.stal, which has been studied in detail, two types 
of rectifying points have been found. In (he case of the fir.st type the diminution in rectifica- 
tion with increase of temperature is due to a greater rate of increase in conductivify in the high- 
resistance direction than in the low resistance direction, while in (he case of the second type it 
is due to an increase in conductivit)' in the high-resistance direction and a decrease in the low- 
resistance direction. It has also been observed that though the rectification tends to v.inish in 
the case of iron pyrites at a temperature of 270'C., good rectifying points are found by trial on 
the surface of the crystal even at this high temperature contrary to the results reported by 
Khastgir and Das Gupta, aecording to wdiom the rectification disappears completely at ioo°C. 

'I'hc effect of ultra-violet light on the rectification is very feeble, in some cases (he recti- 
fication increases and in other cases it diminishes. 


§1. introduction. 

On account of the rapid development of tlie thermionic valve the use of 
the crystal-rectifier, one of the most sensitive detectors, has almost been 
forgotten. It has at present become practically obsolete in commercial applica- 
tion due also to the instability in its workings. The thermionic tube has so 
much attracted the attention of investigators that comparatively very little 
work has been done on crystals. Sufficient data have not therefore accu- 
mulated for the thorough understanding of the mechanism of rectification 
by these detectors. Several theories have, however, been put forward but 
none of them has as yet been completely satisfactory. We require more and 
more data for a complete grasp of the mechanism by which the asymmetric 
conduction is brought about in these rectifying .systems ; and it is the object 
of the present inve.stigation to collect experimental facts which may, in future, 
be of some use in advancing a more complete theory of crystal rectification. 
A detailed study of the subject is also in progress in this laboratory and it 
is hoped that some of the results will be published soon, 
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It was found by Flowers,' that on heating a crystal of galena, its recti- 
fying action diminishes with the increase of temperature and disappears 
altogether at about 27o°C. On cooling, the rectification is partially regained. 
He also observed that parts of the crystal which carried no current were unaffect- 
ed nv heat. 

A decrease in the rectifying property of several crystals was also noticed 
by Jackson^ when he exposed them to ultra-violet light and X-rays. During 
the progress of the present work a paper by Khastgir and Das Gupta ^ was pub- 
lished in which has been recorded similar diminution in rectification of five diffe- 
rent crystals. Further, these investigatoi s have noted a complete disappearance 
of rectification by iron-pyrites when the temperature was raised to ioo°C. The 
exi)eriments of the present author with a few crystals have, however, always 
shown a definite decrease in the rectifying action on heating up to about 
200” C, but never a complete disappearance of the property. Since the publi- 
cation of the work by Khastgir and Das Gupta the experiments have been repeated 
with iron -pyrites several limes. These repetitions have confirmed the former 
results which are given in this paper. The effect of ultra-violet light on crys- 
tal rectification has also been studied following, in some cases, Jackson's nietbod 
and some of the results obtained arc recorded here. It seems too early to attempt 
any theory of the effects observed during these investigations. 


§2. FXPl^RIMENTAk . 

A test tube about 4 cms. iu diameter, fitted with a cork having four 
holes in it, was taken. Through one of the holes passed a copper rod carrying 
at its lower bent end a metal cup of an ordinary commercial crystal receiver. 
Through llie central hole passed a glass tube in which could slide another 
narrower glass tube carrying the metal wdiivSker in it. A steel whisker w^as 
used and the contact of the whisker with the outside circuit was made through a 
little mercury placed in a short piece of wider glass tube surrounding the one 
fitted into the central hole as shown in Figure i . This ensured the pressure at 
the contact point being kept constant all throughout the experiment. Through 
the third hole passed a thermometer and the fourth one was left open. The 
test tube with all its fittings was placed in an electric heater provided with 
a rheostat by wdiich the teini>erature could be regulated. A looo-cycle audio- 
frequency oscillator was used as the source of alternating current when 
required and a sensitive galvanometer to measure the current. For the study 
of the effect of ultra-violet a quartz mercury-vapour lamp was used 

as the source of the light. Ihe crystal was mounted as described above and 
the whole arrangement without the test-tube jacket was fixed at a small 
distance in front of the lamp so that the light from it could fall directly on the 
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crystal contact. I he lisc of temperature in tlie neij^Iihourliood of the crystal was 
about two to three degrees. 



Figukk 1. 

§ 3, R]i;SUhTS AND DISCUSSION 
(«) Efjcci oj Beal. 


lion-pyrites : 

This crystal gives rectified currents in both directions of which the 
current from crystal to whisker is rather unsteady and that from whisker 
to crystal is prominent and steady. Again, there appear to exi.st two types of 
rectifying points. For one class, when the crystal is heated, the diminution in 
the asymmetric conductivity of the crystal contact is brought about by a greater 
rate of increase in conductivity in the high-resistance direction than in the low- 
resistauce direction. F'or the other class the decrease in rectification is due to the 
diminution in conductivity in the low-resistance direction and the increase 
in conductivity in the opposite direction. This appears rather unusual and 
it will be too rash to arrive at definite conclusions with regard to this point 
without further investigation. Table 1 and Figures 2 and 3 show the effects 
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Iron-pyriles-stecl. 



I'lGUKE 2 . — Characteristic' curves for first type of points. 

— 0 - -o 1-V curve at room temp. x — x — x — x I-V curve at itj5“C 

Iroii-pyritcs-stcel. 


3-0 



• 30 


Figu: 

o — 0—0 — 0 I-V ( 


S] 




95 


The Efect of Heat and Ultra-Violet Light etc. 

of these two types of points. In each case the rectification diminishes with 
the increase of temperature ; but it has never been found to vanish altogether 
up to a temperature of about 20o'’C. This has been verified by passing the 
alternating cm-rent from the looo-cycle audio-frequency oscillator. The data 


Table I. 

Effect of heat. 



Voltage 

Current at room temp. 

(Micro amps.) . 

Cnrrciit nl higher temp. 

(Micro miips) . Temp. - 


(Volts). 

Crystal to 
whisker. 

Whisker 
to cr^^stal. 

Crystal to 
\\ hisker. 

Whisker 
to crystal. 

First type 

O'T 

0*32 

o'4i 

o‘54 

0-58 


0'2 

0*68 

0*90 

105 

i‘il 


0 3 

o ’93 

I '51 

1*70 

C77 


0*4 

I’23 

2*21 

2*28 

2'4I 


o'5 

i'6o 

4 03 

2'8g 

3*25 


o‘6 

I '95 

3*93 

... 

... 






Temp = 205'’C. 

Second type 

0’2 

o‘o6 

0*20 

o'i8 

023 


04 

014 

o‘6o 

048 

o'53 


o'6 

0'22 

I'll 

o ‘67 

0-88 


o'8 

0’32 

i’6o 

o '87 

119 


I'O 

o '48 

2'i8 

I ’00 

fS'M.- 



II 

... 

... 

T I *16 

1 ft b * 

I '77 


I'2 

o'66 

2’84 

1 ^ 

... 


given in Tables II and III and curves in Figures 4 and 5 show that for 
temperatures above 230°C. there is a rapid change in the rectified current and 
when the temperature goes above eyo^C. the rectification tends to vanish. Good 
rectifying points have, however, been found by trial on the crystal surface even 
when the temperature was raised to 270X. For comparison the characteristic 
curve for such a point at 27n°G. is given in figure 6 along with the one for a fairly 
sensitive point at room temperature. The experimental data are entered in 
Table IV. 
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Iroii-pyrilcs. 



Figure A- Variation of rectified current 
with temperature. 


Iron -pyrites. 



0—0 

ix^ 


Figure s* KlTect of heat 
-0—0 I-V curve at room temp. 
X — M „ 270'^C. 


Tabijc II. 

Teinpcratiire zfariation of rectified currents 


Tciijp. "C 

Rcctiiied current 
(Gaiv. defl.) 

Temp. ’C. 

Reclifird current 
(Galv. defl.). 

30 

igo diva. 

170 

96 divs. 

45 

177 i> 

I So 

Q2 „ 

55 

173 

190 

Sg ». 

65 

165 „ 

200 

85 „ 

So 

150 ,1 

210 

77 

90 

144 >, 

220 

73 .. 

110 

130 „ 

230 

1? >> 

120 

125 n 

240 

57 

130 

116 „ 

c 

Cl 

54 .. 

140 

no „ 

• 

260 

39 .. 

^50 

j6f) 

105 

100 „ 

270 

274 

10 „ 

8 .. 
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Iron-pyrites. 


97 



X- x. .X at 27o"C. 

A crystal-crystal contact of iron-pyrites has also been tried. The rectifying 
action has been found to be comparatively small and the change in rectification 
on heating has also been small. In tlris connection it has been noted that if the 


Table III. 


X'oll.'n’e 
( Vc.)lt) . 

Current at room temp. 

(Micro amps ) 

Current at higher temp 
(Micro amps.) Temp. = 27o‘*C. 

Crystal tti 
wliisker. 

Whisker to 
crystal. 

Crystal to 
whisker. 

Whisker to 
crystal. 

1 

(»'T ' 

1 j 

O'lO ' 

0-J5 

1 

0*77 

0*78 

0’^ 

0*20 

o '.57 

rso 

I '53 

0*3 

0-33 

1 0*68 
\ 

-:*23 

' 2*28 

0*4 

0-41 

1 105 

2g8 

1 

3 *06 

0 5 

0*51 

I ‘43 

372 

i 

1 3-83 
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TABI.B IV. 


Voltage 

(Volt). 

Current at room temp. 

(Micro amps.) 

i 

Current at higher temp, 

(Micro aniiDs.) Temp. 270” C. 

Crystal to 
whisker. 

Whisker to 
crystal. 

1 Crystal to 

1 whisker. 

Whisker to 
crystal. 

u*2 

0*03 

1 

003 

o'2o 

0*37 

O' A 

O'OQ 

O’lO 

o'34 

o‘95 

0'() 

o’r2 

0*37 

>''5T 

i’75 

o*S 

0’T7 

o'jS 1 

1 

j o’65 

2 '60 

J ’o 

o'22 

T24 

oys 

3 '54 

. 1 

i 



- - 

— 


currents in the two directions lie delerniiiied for very low applied vollufies then on 
heating the direction of the greater’’ current changes for voltages above about 
('*35 volt, so that while in the cold state the rectification ratifj goes on increas- 
ing with the increase of applied voltage, at higher temperatures this factor 


Table V. 


Voltage 

(Volt.) 

Current at 
(Mici-o 

room temp, 
amps.) 

Rectification 

ratio. 

Current at higher temp. 
(Micro amps.) 
[Temp -135'’ 

Rect. 

ratio. 

Up 

Down 


Up 

Down 


0 04 

o’ 39 

o‘40 

O’025 

o ’73 

o’6o 

— o‘i8 

O’TO 

092 

o'97 

0-051 

i’7o 

1-58 

— 0*07 

0-T5 

i'39 

I ’50 

0*073 

2-50 

2'ttO 

—0*04 

n'20 

^■75 

1 'go 

o’ 080 

yii 

3 ‘03 

■-’0*03 

o‘25 

2’21 

2-47 

0 105 

3 fig 

3'«4 

— o'oi 

o' 30 

2 '62 

2*96 • 

0*114 

4 "53 

4'5T 

— 0’002 

^'35 


— 

— 

3 ‘32 

5‘32 

0 

o’ 40 

— 

1 


S‘92 

597 

o’oqoo 
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Tablk VI. 

Effect of heat. 


Voltage (Volts). 


Pyrolusite. 

02 
o'4 
o 6 
0-8 
T'O 
1’2 

Master Crystal. 
0’2 
o*^ 

0 C) 
o-S 

1 o 


Current at rotjin temi). 

Current at lii^ 4 icr te 

(Micro amps.) 

(Micro amps.) 

Crystal to 

Whisker to 

Crystal to 

Whisker h 

whisker. 

crystal 

whisker. 

crvstnl. 

o'o5 

005 

0*41 

0*41 

o' 15 

o'i4 

o'qo 

0 85 

o '34 

o'29 

160 

I ‘4 5 

o'6o 

048 

2'55 

2*30 

0-97 

073 

3’54 

3 ’^i 

V53 

I'li 

— 

— 

o' 19 

o'05 

0\ST 1 

1 

o'46 

0-53 

0 T 5 

o'c)7 

0*92 

o'go 

0 * 2 C) 

T '45 

1-38 

00 

ct 

H 

o‘/\6 

i'92 

1*84 

I ’70 

0-65 

2 '38 

2 '30 


diminishes till a pressure of about ’35 volt is readied when it becomes zero and 
then goes on increasing with the further increase of voltage. The results 
obtained are presented in Table V. 


Pyrolusite and Master Crystal, 

Both pyrolusite and the crystal known by the trade name Master Crystal 
give prominent rectified currents from crystal to whi.sker. The rectified current 
hi the opposite direction has also been observed but in its strength is much 
smaller. On heating uiito aos^C. there is a large diminution in the 1 ectifying 
action of Master Crystal. The experimental results are given in Table VI and 

the characteristic curves in Figures 7 and 8. 

Several other crystals, e.g. galena, copper-pyrites and zincite have al.so been 

studied, the results of which have not been entered here. 
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Figure 7 . 
Kffect of Iicat, 



1''IGUR1C 8 . 
liflPec't of lieat. 


0 — 0 — 0 — 0 I-V curve at room temp. 
X — >< — X ,, „ ataos^C. 


0 — o — o I-V curve at room temp. 
X — „ iio°C. 


(b) Effect of TUtra-violct Light. 

l''or some crystals tlie direct determination of the variation of the rectified 
current has been made by ijassingthe alternating current from the audio-frequency 
oscillator. The change in the value of the steady current in any one direction 
under a given applied voltage has also been studied simultaneously. For other 
crystals again cuaracteristic curves under different conditions, c.g., (i) before 
cxjiosure, (2) under exposure, and (3) after the light has been cut off have been 
determined. The data obtained show that though there is a small increase in 
conductivity in the cases of all the crystals studied, the rectification has remained 
practically unchanged in some of the crystals while in others there has been an 
extremely small change. vSome of the typical results are given in Tables VIT and 
VIII and Figure 9. It has been noticed that the maximum increase in conducti- 
vity in some cases occurs in a very short time. Ou examining the characteristic 
curves for Master Crystal it appears that the rectification improves very slightly 
on exposure to ultra-violet ligljt and this state i)ersists for a long time even after 
the light has been cut off. As this crystal has exhibited certain interesting 
properties during these investigations it is proposed to continue the study of its 
rectifying action under ultra-violet light and X-rays. 
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Master Crystal. 



r'lGURE 9. 

Effect of iilUa-violct light, 
o — o — o — o 1-V curve before exposure 
X — X — X ,, ,, under ,, 

o — o — o — o ,, ,, one hour after the light is otT. 

Ill conclusion, the author’s thanks are due to Mr. N. Ray of the Departinent 
of Chemistry for kindly supplying some crystals and also to the author’s 
colleagues of the Physics Department for their keen interest in the work. 


Table VII. 

Effect of ullra-'violct light. 


Time. 

(Mins.) 

Currents ((iaiv. defl.) 

Crystal to Whisker to 

wiiisker. crystal. 

Recti lied enr^ 
rent (t hdv. ilell.; 

'renip. 

FeSj -steel. 

0 

52 

153 

29 '’C. 

15 

S'! ^31 


.51 ‘sC. 

25 

54 ^31 



35 

54 132 

152 

... 

45 

55 134 

... 

... 


55 134 


32"C. 

FeSj— FeSz- 
0 


42 'o 

30”C. 

lU 


42 'o 

... 

25 

35 

40 


42'0 

4C5 

4 T '5 

32 '^. 
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Table VIIL 

Master CrysiaL 


Current- 


Voltaj'c 

(Volt.) 

Before exposure. 
(Galv. defl.) 

Under exposure . 

(Galv defl.) 

1 Light off. 1 

(Galv. defl.) 


Cl vslal to 

Whisker to 

Crystal to 

Whisker to 

Crystal to 

Whisker to 


wliisker. 

rrysLd- 

whisker. 

1 

crystal. 

whisker. 

crystal. 

o'l 




... 

2*5 

1*5 

0*2 

d 

2 '5 

8 

3 



‘’■3 





13 

4 

c )‘4 

16 

5 ’f> 

20 

6 



o '5 



... 


27 

S 

o'6 

20 

q’o 

35 

10 



0*7 


... 



42 

11*5 

0*8 

Ai 

12*0 

50 

14 



0*9 


... 

... 


58 

J 5 .S 

I'O 

55 

^ 5 'o 

66*5 

i 7‘5 


* 


Thvsics Laboratory, 
Rajshahi 
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PRODUCTION OF POSITRONS FROM BISMUTH 

By H. P. DE. 

Plate VIII. 

(Received for pitblication, February i, 

ABSTRACT. lu this paper an account of tlic- study of the emission of the positrons from 
bi.siiiutli with a cloud expansion chamber and stereo camera is given. A bloi'k of bismuth 
was exposed to a mixture of different radiations and neutrons emitted from a tube containing a 
mixture of mcsotliorium, containing ^5% of radium, of about 10 mgms. radium activity and 
several nigms. of beryllium oxide. To determine the direction of ejection and nature of charge 
carried by the ionising particles, a thin .sheet of aluminium v\as interposed inside the 
chamber, across it. The result shows that for about 28:: electron tracks 20 positrons were pro- 
duced possessing cnei gy ranging from 4'.s x 10® to 10® c. volts. T)ic ('onclusion drawn from this 
study is that the main source of pcjsitrou is due to the materialisation of 7-radiations. 

The credit of discovering the existence of positrons must be given to 
Anderson who ithotographed the tracks of ionising particles eniiltcd by cosmic 
rays in a horizontal Wilson chamber using a magnetic field to measure the energy 
of the latter. Among the photograjihs he found tracks with opposite curvatures, 
some of which would be due to positively c'harged particles, if it could be os- 
tablishcd that the ionisation tracks were due to particles all of which were moving 
ill the same direction. To establish this point an absorption screen was placed in 
the path of the particles, h'rom the change in the curvature of the tracks on the 
two sides of the screen, the direction of motion of the ionising jiarticles producing 
them was deduced. "I'lius Anderson was alile to cstabli.sh that some of the curved 
tracks were due to positively charged particles, whose mass could not be greater 
than 20 times the mass of an electron, and that they certainly were not 
due to protons. 

Anderson’s discovery was soon confirmed by Blackett and Occhialini^ by tlie 
observation of tracks due to the so-called shower groups, of sometimes a dozen or 

more tracks of ionising particles, apparently diveigiiig from a common radiant 
point, in or outside the ionisation chamber, which apparently was the scene of 
nuclear commotion due to absorption of cosmic radiation. In this investigation a 
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circular Wilson cliamber with horizontal axis was employed, the expansion in the 
cliainhjr was couLrolled by two counters, and a uniform magnetic field of about 
2,000 gauss was maintained within the chamber. Some of the tracks were attri- 
bute I to positively charged particles of mass smaller than that of protons. It 
may be pointed out that the ionisation density due to a fast particle depends on 
the charge and the velocity and not on the mass of the particle : but on the other 
hand the velocity of a particle of a given Hp (product of the radius of curvatm-e 
and tlie magnetic field) depends on its mass. 'I'herefore, two particles with tlie 
same value of Hp and of diflerent masses will ionise differently. Thus the simul- 
taneous observation of ionisation density and Up will serve to determine the mass 
and the charge of a particle. This criterion liowcver fails rvlien the value of Hp 
is abnormally high, i.c., more than lo**, at this stage relative ionisation due to a 
proton or an electron is the same. 

In the course of these investigations, the following criteria were used to 
determine the direction of motion of an ionising particle in a magnetic field 
and lienee the sign of its charge. 

I. If a uniform magnetic field is maintained within a Wilson chamber, and 
an ionising particle traverses a metai plate put across the latter at right angles to 
the plane of the same, then the radius of curvature of a particle will have a greatcr 
value before traversing the plate. 

II. If the ionising particle produces a secondary electron of .sufficient energy 
by collision with an atom, then from the direction of motion of the .secondary, one 
can deduce the forward direction of motion of the ionising particle. 

III. If a group of tracks diverge from a radiant point or a small region, then 
it is highly probable that any one of the tracks did emerge from that region. 

In May, it)33. Curie and JoHot showed that positrons w'ere emitted from leatl 
when penetrating y-raciiations from beryllium excited by a-particles, ivcre allowed 
to fall upon the Ic.tter. They also found that when the y-rays from beryllium were 
filtered through lead screens there was a diminution of positron emission, whence 
it was concluded that the positrons were evoked in large number by the softer 
components of y-radiations from beryllium. Those authors measured the energy 
associated with the positively charged particles, and found that the energy of 
these particles some times approximated to hv-cnic^, i.c., equal to the balance 
of the energy left after the creation of the positron-electron pair “out of the inci- 
dent photon. 

Recently, Cliadwick, Blackett and Occhialini*^ have published an exhaustive 
account of the experimental couc^itions under which positrons are produced. 

h‘or the production of the positrons the following kinds of radiations 
were used : 

(a) y-rays from ihoiiuni ac'ive deposits. 
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(b) Past ^-particles from thorium active deposit (on an aluminium wire 
placed within a thin glass tube) . 

(c) Radiations excited by tbe interaction of a-particles with beryllium and 
fluorine nuclei. 

In the first part of the investigations the y-rays (2'62 x lo*’ e. volts) were 
held to be responsible for the production of positrons and the production pro- 
bablity was found to be about 20-30% of that of the production of electrons 
by Comptou scattering or by photo electric processes. 

In the second experiment, with an active deposit of thorium on an 
aluminium wire placed in a glass tube o'l nmi. thick, the emussion of positrons 
was found to be i2’’- for every 1000 electron tracks, and the maximum energy 
of the positron was found not to exceed t'/] x e. volts. From this .study it 
was concluded that the emission of these positrons was due either to internal 
conversion of photons from radioactive atom or to the interaction of /8-particles 
in its passage through the nuclear field. 

In the last part of the investigation, tlic experiment was performed with 
a source of i)oloniuni and different I'adiators Be, B, P, and the effect of y-rays and 
neutrons in producing i)Ositrons was studied: w'itli beryllium radiations, positron 
yield was found to be about 32% with a maximmn positron energy of 5 x 10® 
e. volts, w'ith boron the yield was about 40 %, and the maximum energy of 
the positron was found to be about 3 x lo*^ e. volts. 

The presence of the y-rays due to the impact of a-particlcs on fluorine 
atoms has not been detected by previous observers. With this element 12 posi- 
trons were recorded for 31 electron tracks, and consequently these positrons 
were ascribed to the inter-action of neutrons with fluorine nuclei ; the emission of 
positrons was regarded by the authors as the secondary process of internal con- 
version, the primary process being the emission of y-rays by the interaction of 
neutron with fluorine nuclei. 

In general, tile conclusion drawn from the study was that the po.sitrous are 
due to the internal conversion of y-rays from various sources. Also due to the 
fact that positrons are more absorbable, their ionisation tracks are not so numerous 
as those due to the negatives ejected simultaneously during these conver- 
sions. 

The object of the present paper is to study the production and to measure 
the energy of the t)Ositrous from a bismuth block which is subjected to different 


=*• Recently Aliehanow and others^ have drawn atlention to the fact that the yield of 
positron from thorium active deposit is about o’o2-o’o6 per rent, of the number of /S.particles 
from thorium C and C". The.se authors have explained the discrepancy between their rc.sult.s 
and tho.se of Chadwick, Itlackctt and Occ.hialini to be due the fact that a small number of 
observations had been taken by the latter authors and as such, a large amount of statistical 
error was incurred. 
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radiations. It lias been established by different observers that in the presence of 
a lieavy nucleus, the yield of positrons due to y-ray conversion is many times 
greater than in that of a lighter nucleus. The som'ce for the production of the 
penetrating radiation was a mixture of beryllium oxide with niesothorium, of lo 
milligi .nnine radium activity, and which contained about 25% of radium. This 
source was separated about five mouths ago by the Thorium I .,td., England. 

In order to confine the emitted radiations along a small pencil, the source, 
as shown in figure r was placed in a massive cylindrical block of lead about 3001115. 
in length, 8’5 cnis. in diameter, with a narrow axial bote of 4 mm. diameter. 
A thick-walled glass tube containing mesothoriuiii and radium mixed with 
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beryllium oxide was used as the source of radiation, and was placed about 
cms. away from the chamber, as shown in the figure. Inside the Wilson chaijiber, 
in front of the narrow axial hole through which the radiation emanated, a block 
of bismuth about i cm. thick was placed. The tracks of the ionising particles 
from the surface of the bismuth block were photographed with a stereo camera. 
Before tin- actual experiment was begun a control experiment was made in 
which the bismuth block was removed, and it was found that /k])article tracks 
were all lying along the continuation of the axial hole of the lead block. The 
axis of the Wilson cloud chamber was vertical; in this type of chamber co.smic 
ray tracks are seldom found. 

A uniform magnetic field was maintained parallel to the axis of tlic Wilson 
chamber, by means of a Helmholtz coil. The value of the magnetic field was 
explored and was found to be comstant at the central poition of the chamber 
but along the ijcriphery of the chamber the field was 6% lesST In order to 
determine the nature of the charge carried by the particles, an aluminium sheet 
o’4 mm. thick was placed inside the chamber. 'I'he horizontal plane inside 
the chamber containing the bismuth block was illuminated to a depth of 8 mm., 
by means of an arc lamp wdth a concave reflector, u.siug horizontal electrodes of 
Beck carlion. The tracks vere photograidied by a stereo camera placed vertically 
. bove the chamber, The magm tic field could he varied; at first it was kei)t 
constant at 700 gauss nul later 'ts intensity was raised to i/),so gauss. 
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Tracks of a pair of electron and positron. 
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In order to measure the radii of curvature of the tracks with a fair degree 
of accuracy, generally the tracks are required to be reconstructed in 
space. The following procedure was adopted in oi'dcr to save unnecessary 
trouble : A photograph of several concentric circles of successively in- 
creasing radii of curvature drawn on a paper was taken with the same 
stereo camera, and with exactly the same iiiagniCcation . During the 
measurement of the radii of curvature of the tracks, this stencil was 
superimposed on the negatives of the latter and their radii of curvature were 
determined. Of couise this method, though very simple, is open to several 
objections. In the first place, due to the fact, that the tracks were not 
always coidanar the radii of curvature found by this method of superpo.si- 
tion leads to a smaller value of the latter. In the second t)lace, since the 
distances from the camera lens to the different parts of the illuminated ])laue in 
the exijansion chamber, and of the paper on which the curves arc drawn, are not 
constant, the images of the ionisation tracks and of the circles drawn on the 
paper, where they are superimposed, may not be of the same magnification. 
Thus taking these errors into account, and that due to the variation of the 
magnetic field, the correctness of the value of Hp (the product of the radii 
of curvature in cm . and the magnetic field in gauss) was limited to 8% ; and 
no greater claim at accuracy could be expected in these measurements. 


Results : — 

About 282 electron tracks of different radii of curvature were measured. 
From these photographs 20 positron tracks could l)e traced, and of these about 
II (/.c., more than 50%) possessed energy greater than lo*-’ e. volts, ihe thick 
block of bismuth placed inside the chamber was sufficient to absorb the softer 
■y-rays and therefore tracks of small radii of curvattue were seldom expected 
and this was practically found to be the case. 

'I'he energy of the positron tracks as revealed from Hp values is given 
below in 10'’ e. volts. 

4’5, 4'3. 3‘69, 3‘6, 3. 2-66, 24, i'63, i*^3. i’03, I’oS-l. The energy of the re- 
maining ])ositron tracks were found to lie between 8 0 x lo*' and 2 x lo*’ e. volts. 

In most of the cases the positron trac:ks could l>e associated with elec- 
tron tracks of nearly similar curvature and the electrons were found to start 
from the same region as the positron. I his remark ajjplies to 60 /o of the tracks 
measured. Thus in these cases one is inclined to believe that internal conver- 
sion of high energy y-rays is mainly resiJonsible for the position emission. A 
fine example of the interuarconversion of the y-rays which originates from the 
aluminium screen is shown in plate VIII. The measurement of energy shows, 
that the energy balance in the (quantum after the creation of the pair has almost 
been equally shared by the electron and the positron, 

4 
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Up (electron) 4640 (gauss, cm.) corresponding energy = o'99 x to^ e. volts. 

Tip (positron) 4930 (gauss, cm.) ,, ,, =i'o59X 10^ e, volts 

The energy distribution in the electron positron pair seems to favour 
the view put forward by Jaeger and Hulmc/ that in the case of a pair creation 
in the vicinity of a lighter nucleus, the energy balance in the quantum is 
equally shared by the electron and the positron. 

The remaining 40% of the positron tracks might ])e ascjibed to either of 
the three possible sources of emission, namely, (a) the internal conversion of 
7-radiations where the electron track is lost either due to scattering or absorp- 
tion, (h) due to the interaction of fast /3-particles which might give rise to the 
l)ositroii emission, a view which has been advanced by Skobeltzyn and his co- 
workers, and (r) due to the interaction of neutron with bismuth nucleus. But 
one is inclined to the view that mainly the positron emission is due to internal 
conversion of high energy 7-radiation. 

In one or two cases markedly straight tracks were observed, which did 
not show any change of curvature, either before or after penetrating the alu- 
minium sheet interposed in the path. It is concluded that these tracks must 
possess energy greater than about 15 million electron volts and therefore could be 
ascribed to cosmic radiation. 

The author wishes to express his respectful thanks to Prof. D. M. Bose, 
Palit Professor of Physics for his interest and advice in carrying out this work. 
In this connection the author expresses his api)reciation of the valuable services 
rendered by Mr. 3. D. Chatterjee, Research Scholar, at the time of setting up the 
apparatus. 
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ON THE NATURE OF INTERMOLECULAR OSCILLATIONS 
IN SOME ORGANIC CRYSTALS 

By S.C.S1RKAR. 

PuATltS IX AND X. 

(Received for puhlicaiion^ February 7, 1936.) 

ABSTRACT, lu order to investigate the true nature of the oseillations which give rise to 
th(' (diaractcristic Raman frequencies of some cnganic crystals, which have been discovered 
recently by Gross and Vuks, the Raman spectra of naphthalene and diphenyl ether have been 
studied in the liquid and solid states at various temperature and also in solution in suitable 
solvents. The results show that the Raman lines mentioned above owe their origin to inter- 
molecular vibrations in groups of molecules which persist in solution in the case of diphenyl 
ether and disappear almost completely in the case of naphthalene. In the latter case the 
relative intensities of the lines are changed and the lines arc shifted with the change of tem- 
perature of the crystal. Although the direction of these shifts is observed to be the same as that 
expected from the theory of the lattice oscillation, the magnitudes of these shifts are different 
for different lines and much coo great to be explained by the said theory. It is therefore postu- 
lated that these Raman lines are produced by intermolecular oscillations in polymerised groups 
of molecules, these groups being more stable in the case polar molecules of diphenyl ether 
than in the case of non-polar molecules of naphthalene. 

The absorption spectra of these two substances in the solid state and in solution have also 
been studied. The distances between the successive .absorption bauds cjbserved in the case of 
solid nai)th.alene are found to be different from those observed in the case of the vapour or 
solution, while no such difference could be observed in the case of diphenyl ether. It is 
suggested that these facts may be connected with the formation of complex molecular groups. 

5 1. INTRODUCTl ON. 

It has been discovered by Gross and Vuks^ that in the spectra of light 
scattered by crystals of diphenyl ether, naphthalene, dibromobenzene and benzene, 
there are a few Raman lines in the neighbourhood of the Rayleigh line. Accord- 
ing to the said authors these lines are produced by oscillations of the respective 
lattices of the crystals. In order to ascertain the nature of the oscilations which 
give rise to these Raman lines, the Raman spectra of naphthalene and diphenyl 
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ether in the solid state as well as in solution were studied and the preliminary 
results were reported previously.® The Raman spectra of these two substances 
in the solid state at various temperatures have also been studied. An attempt 
has been made to study the absorption spectra of these two substances in the 
solid state and in solution iu suitable solvents in order to find out whether there 
is any significant diderence between the absorption spectrum of the solid state and 
that of the solution. All these results have been discussed in the present paper . 

§ 2. RXPERIMRNTAL, 

The melting point of diphenyl ether being 26° C, it was obtained here as a 
liquid. The li(iuid was distilled iu vacuum, transferred to a thoroughly cleaned 
Wood’s tube and cooled below the melting point by placing the tube iu a cold 
bath. A small crystal of dii)hcnyl ether obtained by freezing a small quantity 
of the liquid in a separate test tube was introduced in the supercooled liquid. 
The liquid slowly solidified into a trausluscent mass. The Raman spectra of this 
bolid mass at the temperatures 3” Cand 24° C were investigated, the tube being kept 
immersed in water bath cooled by ice. The Raman spectrum of liquid diphenyl 
ether was also recorded at 30" C and 160° C, a cylindrical electric heater provided 
with suitable windows being used to heat the liquid above the room temperature. 
As the wing due to cyclohexane is less intese tlnui that due to liquid diphenyl 
etlier, cyclohexane was chosen as a suitable solvent and the Raman spectrum of 
a 40% solution of diphenyl ether was photographed with proper exposure. Both 
the liquids were distilled iu vacuum before tire solution was prepared. 

In order to investigate the Raman spectrum of solid naphthalene, a trans- 
parent crystalline mass instead of single crystals was used. Merck's extra white 
lesublimed naphthalene was distilled in vacuum in an apparatus made of pyrex 
glass, liquid naphthalene which distilled over and collected in a pyrex tube 
gradually solidified on cooling down below 81° C and some portions of this solid 
mass was fomid to be quite transparent. The tube was held with its axis vertical 
and was kept immersed iu liquid air contained in a transparent Dewar vessel and 
the Raman spectrum was photographed in the usual way, a condenser being used to 
focus the mercury arc on the tube. The Raman spectra of the solid mass of naph- 
thalene at 30° C and 73° C as well as of liquid naphthalene at 110° C were also 
recorded, the electric heater mentioned above being used to obtain these tempera- 
tures. The Raman spectra of solutions of naphthalene in cyclohexane and methyl 
alcohol were also photographed with proper exposiu-es. A Fuess glass specto- 
graph used in the previous investigations was used also in tlie present investigation. 
The lines produced by this spectrograph being free from coma on the Stokes 
side in the region A. 4047, the Raman lines or bands in the immediate neighbour- 
hood of the Rayleigh line arc not masked by any difiractiou pattern or ghost 
lines even if the undisplaced line is overexposed owing to the presence of stray 
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light. The same slit width, about o‘o3 inm., was used throughout the investi- 
gation. The microphotometric records of the spectrograms were obtained with 
the help of a Moll type self-registering microphotometcr. Some of these records 
arc reproduced in Plate IX. 

Although the absorption spectra of naphthalene vapour and solution of 
naphthalene in hexane have already been studied by previous observers, data fcjr 
the solutions in mctliyl alcohol and cyclohexane and for solid naphthalene 
were not available. For this reason the absoi-jition spectra of the two solu- 
tions and of solid naphthalene were photographed with the help of a Fuess quartz 
spectrograph, a tungsten ribbon lamp in quartz bulb being used as the source 
of continuous radiation. In the case of solid naphthalene, both single crystals 
as well as thin polycry.stallinc flakes were used and the absorption spectra 
were recorded for different diminishing thicknesses till the crystal or the thin 
flake vanished owing to sublimation. In the case of diphenyl ethci, the absorp- 
tion spectra were photographed both for a highly concentrated solution in cy- 
clohexane and for very dilute solutions (about c'oi%) in cyclohexane and methyl 
alcohol. The absorption .spectra were also recorded for a thin layer of liquid 
diphenyl ether enclosed between two quartz plates pressed together and also for a 
thin solid layer obtained by placing a very thin piece of mica in contact with 
the supercooled thin layer of the liquid. Some of the .spectrograms are repro- 
duced in Plate X. 


§ 3 - RESULTS. 

It can be seen fiom the microphotometric records reproduced in plate IX 
that the two Raman lines 65 cni“^ and too cm"^ which are obtained in the 
case of solid diphenyl ether at about 3°C, per.sist in the case of the liquid at 
30°C with uudiminished intensity, but in the latter case each of the lines broad- 
ens out so much that the two lines touch each other and form one Inoad band. 
It was further observed that even in the case of the solid at 24” C, just IjcIow' 
its melting point, each of these two lines becomes so broad that they cannot be 
resolved. The band so formed persists in the case of the liquid at ibo^C 
and akso in the case of the solution in cyclohexane without any further 
increase in width, but its intensity relative to that of any other Raman line due 
to the single molecule diminishes slightly at the high temperature and to a 
great extent in the case of the solution.* Though there is 110 peak in the 

* Til a recent paper Gro.s.s and Vuk.s * have reported ttic results of investigations of 
Raman .spectra of a few liquids at different temperatures. In the case of diphenyl ether the 
niicrophotonietric curves of the Raman spectra reproduced hy these authors in figures 3a and 
3b (The letters a and b for marking the figures have been interchanged, probably through 
printing mistake) clearly show that there is an inflection at about 100 cm ^ at asn'C showing 
the persistence of the bund even at thi.s temperature. Though the said authors have stated 
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records due to the liquid at dilTercnt temperatures and the solution, the portions 
of these records beyond 50 cin~ ‘ arc not similar to that due to benzene, because 
there is an inflection in the curve at about 100 cm“^ in each of the former 
case . while there is no such inflection at this place in the case of benzene. 
'J'he oilier two Raman lines, besides the two lines mentioned above, observed by 
Gross and Vuks in the case of single crystal of diphenyl ether were not observed 
in the case of the polycrystalline mass, probably because in the latter case stray 
light was very intense and the intensity of the Raman spectrum was much less 
than that of the stray light so that the requisite exposure could not be given 
without increasing the intensity of the continuous background. 

In the case of solid naphthalene, four Raman lines arc observed at the 
room temperature. The positions as well as the relative intensities of these 
lines are found to be dependent on the temperature of the solid. At the 
room temperature the lines are at 42 cm“\ yi cm“^, 102 cm“’ audiibcm"^. 
At the tenijieralure of liquid air, the last three lines arc shifted to 80, j 20 and 
142 cni“ Respectively. Also the relative intensities of these lines arc ob.scrvcd 
to undergo the following changes with the chairgc of temperature. The line 
42 cm” ^ observed at the room temperatiuc becomes too feeble to be recorded 
with appreciable intensity at the temperature of the liquid air though the other 
line 120 cm is recorded with undimmished intensity and the intensity of the 
line 142 cm , on the contrary, increases a little at this lower temperature. 
A comparison of the intensities of these lines on the spectrogram obtained 
at 73° C (record r it reproduced) shows that the line 420111“’ is more intense 
at 73°C than at the room temperature and all the lines are slightly shifted 
towards the Rayleigh line at 73°C from their respective positions at the room 
temperature. Also the lines are found to be much sharper at the tcmiieraturc 
of liquid air than at the room temperature. In the case of liquid naphthalene 
at iio ’C, the lines 102 cm“^ and 116 cin”^ are almost absent, though the 
line 71 cm“' is iiresent with appreciable intensity. The latter line is slightly 
broader in the case of the liquid than in the case of the solid. In the case 
of solution of najilithalene in cyclohexane, there seems to be a faint line in 
this position, but its intensity is very small. In the case of solution of naphtha- 
lene in methyl alcohol, however, the line 71 cm”’ as well as the other three lines 
arc totally absent and there is a wing of moderate intensity accomijanying the 
Rayleigh line. The intensity of the .wing is maximum at the ccnfa'c of the 
Rayleigh line, and diminishing gradually, it vanishes at about 1 10 cm” ’ from the 
Rayleigh line. 


that the tiiaxiimiin vauishe.s n 1 this temperature, and that the record is similar to that foi 
beu/.cnc, careful examination u ill show at once the prc.scucc of the inflection at 100 cui“’ which 
i absent in the case of heurcnc. 
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111 the absorption spectrum of solid naphthalene, three distinct bands are 
observed at \X 3226, 3188 and 3134 and beyond \ 3125, there is strong continuous 
absorption. The positions of these bands are different from those observed in 
the case of the solutions in cyclohexane and methyl alcohol. In the case of the 
solutions there are two systems of bands, but only the first system was carefully 
investigated because the second system could not be recorded in the case of the 
solid. The first three bands due to the solution in methyl alcohol are at AX 3200, 
3144 and 3105. The solution in cyclohexane also gave the corresponding bands 
at about the same positions as in the case of the solution in methyl alcoliol. 
In the case of diphenyl ether, both the thin layer of highly concentrated solution 
(about 40';^ ) and a thick layer of very dilute solution give a diffuse baud at 
A 2785 and there may be another diffuse band of shorter wave-length. A thin 
layer of the pure liquid, as well as a thin layer of crystalline mass show no baud 
but strong continuous absorption beyond A 2S80 and the limit is found to be the 
same for the solid as for the liquid state. 

§4. DISCDSSI ON OF RRSUI/TS. 

It is seen from the results mentioned above that the Raman lines lying in the 
neighbourhood of the Rayleigh line are not due to single molecules of the subs- 
tances because it is observed that the intensities of these lines compared to those 
of the other Raman lines due to single molecule diminish greatly on di.ssolving 
the substances in solvents. The lines may therefore, be either due to lattice 
oscillations or due to intermolecular oscillations in polymerised groups of mole- 
cules. 'Hie lattice oscillations ought to disappear when the cry.stals are dissolved 
in solution. This seems to happen in the case of naphthalene but in the case of 
solution of diphenyl ether, the lines persist with fairly large intensity. Hence 
in the case of diphenyl ether these observations seem to point out that the lines 
arc due to intermolecular oscillations in polymerised groups of molecules, and not 
due to lattice oscillations. The molecules being iiolar, the groups are so stable 
that they persist even in solutions. An example of the formation of larger 
molecule in the crystal than in the solution is found in the case of sulphur. The 
Raman line 84 cm“' observed in the case of rhombic sulphur^ is attributed to the 
molecule Si o while this line is absent in the case of solution of sulphur in carbon 
disulphide and all the other Raman lines observed in the latter case can be ex- 
plained on the assumption that only Ss molecules are present. 

In the case of naiffithalene also, the observed changes in the width and in the 
relative intensities of the lines with the change of temperature of the solid are 
not easily uuder.stood from the point of view that the lines are due to lattice oscil- 
lations. As regards the shifts of the line with the change of temperature of the 
solid, an attempt may be made to find out whether the direction and amount of the 
shifts observed can be expected from the theory of lattice oscillation. According 
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to the simpliGed expression for v, the frequency of oscillation of a diatomic lattice 
given by Einstein,”’ 


v=C. ()‘77 X To^® 



T 

Mr)2/3 


where 1 ' is the melting point, M, the molecular weight, C a constant, and v the 
molecular volumc = Nd\ N being the Avogadro number and d the distance 
between the neighbouring atoms. For a particular substance, therefore, 


If it is assumed that the above considerations hold good in the case of the naph- 
thalene lattice, tlie temperature coefEcicnts of d can bo calculated from the shifts 
of till- Raman lines observed with the change of temperature of the crystal. From 
the above relation it is found that a= (vo -v, )/v, t where and v, are the frcquen- 
cies at the lower and higher temperatures respectively, i the difference of tern- 
perature and ». the linear cocflicient of expansion. The values of a calculated in 
the case of the three frequencies 71 cm"*, 102 cm"’ and 116 cm"' are found to 
be o'ooof), o'ooa84 and o'ooii respectively. The actual coelEcient of expansion 
of naphthalene between -igo“C and 30“ is o-ooo32 which is half the lowest value 
obtained from the above calculation. Also, the three values calculated above gre too 
widely different from each other to be accounted for by the anisotropic expamsion 
of the crystal in different directions. Hence it seems that though the direction 
of the observed .shifts of the lines with the change of temperature is the same as 
expected from the theory of lattice oscillation, the actual amounts of these shifts arc 
too great to be explained by this theory. Hence in the case of naphthalene also. 
It appears, that the Raman lines in question are not due to lattice oscillations. If 
it is postulated, however, that there are some .small polymerbsed groups of mole- 
cules in ciystallinc naphthalene and that the binding Iretween the constituent 
molecules in each of these groups increases with the lowering of the temperature 
of the substance, the changes observed in the properties of the lines with the rise 
of tempeiatuic can be explained. As the ellipsoid of polarisability is deformed 
owing to the loosening of the bond between the constituent molecules in each 
group, a change in the relative intensities of the lines with the change of tempera- 
turc, as is observed, can be expected. 

Ihe results of the investigations of the absorption spectra show that the 
positions of the absorption bands due to solid naphthalene are different from those 
due to solutions of naphthalene. There is, of course, slight influence of the 
"urronnding molecules of the solvents on the absorption spectrum of naphthalene 
molecule in solutionvS, as can be seen from a comparison of the absorption spectra 
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of the solutions with that clue to the vapour. In the latter case, as reported by 
Laszlo/’ in the first system the bands lie between AA 3793 and 2818 and acrordiiij.^ 
to the same author, the corresponding bands due to solution of naphthalene in 
hexane lie between AA 3207 and 2c)3o, the positions of tlie first three bands being 
at AA 3207, 3148 and 3110 respectively. The positions of these Ijands in the case 
of the solution in methyl alcohol and cyclohexane are, as mentioned above at AA 
3200, 3144 and 3105. From these results it is seen that these positions are shifted 
only very slightly frcmi those in the case c^f the vapour and therefore tlie infiuence 
of the molecules of solvent on the absorption spectrum of naphthalene molecule is 
very slight. It can however, be easily seen that in the case of the solid naplitha- 
Icne these bands are not only appreciably shifted towards longer wave-length 
from their positions in the case of the solution but also these shifts are different 
for different bands so that the intervals between .successive bands undergo 
changes. The first two intervals are ai)proximately 560 cm^^ and 400 cm“ Mn 
the case c 7 f the solution in methyl alcohol, and 580 can”’ and 380 cm“‘ in the 
case of the solution in hexane but they become 330 cni“ * and fuSo cm“'^ respec- 
tively in the case of the solid, lliis fact ma}^ ])robal)ly indicate that new vibra- 
tion frequencies are i)resent in the case of the solid, Sinc'c the single molecule 
cannot have new vibration frequencies in the solid state, the above facts probably 
suggest that polymerised groups of molecules are formed in the solid state. vSince 
the ]K)silions of the bands are observed to be the same whether a single crystal of 
na]ffillialenc or a i»o1ycrystallme laj^er is used, they are not dci)cndent 011 tlje 
inclination of the incident beam with the axes of the crystal but the observe^d 
l)au(ls arc the characteristic bands of solid naphlhalciie. 

In the case of di[)henyl ether, no appreciable difference is detected between 
the absorption S])ectrum in the solid state and that in the li(iuid state or in 
.solution. This fact may l)e correlated with the persistence of the Raman lines 
clue to iiilermolecular oscillations in the solution. Probably owing to the perma- 
nent electric moment of the molecule, the i)olymcriscd groups are so stable in 
this case that they are not completely broken up eveu in solution. 

As regards the relation of these Raman lines with the wing accompanying 
the Rayleigh line observed in the case of the liquid, it can be seen that these 
lines are only superposed OJi the wing in these particular cases and they diminish 
in intensity or disappear in some cases completely when the substance is dissolved 
in solvents, while other portions of the wing remain intact. In the case of litiuids 
like benzene 011 the other hand, no such diminution of inten.sity of any portion of 
the wing is observed,^ when the liquid is dissolved in solvents, ilius the licjuids 
can be divided into two groups. In one group, some vibraticmal Raman bands 
are superposed cm the wing which has a different origin, while in the case of the 
other group no such vibrational Raman effect is superi^osed on the wing. 
Further investigations on this line are in progress and will be reported shortly. 

5 
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ON THE INTERPRETATION OF THE RAMAN SPECTRA 
OF FORMIC ACID AND METALLIC FORMATES. 

By JAGANNATH GUPTA. 

(Palit Research Scholar in Chemistry.) 

Plate XI. 

(Received for puhlicaiion, February w, 1Q36.) 

ABSTRACT. Raman .spectra of formic acid, it.s aqueous .solution, .sodium, barium and 
cadmium salts of formic acid in the ciy-stalline state and in solution, and solution of 
sodium .salt of trichloracetic acid have been investigated. I'lie strong and broad line at 
2963 cm'l due to C - H oscillation in formic acid is observed to be .split up into two faint 
lines in the cry.stal.s of the salts, one broad line at 2963 cm“i and another sharp line at 
287/1 cm"'. C)n dissolving the salts in water, the line 2963 ear’ vanishes and there appear 
a faint and sharp lineal 283/1 cm “Hu each of the solutions .and a feebler extra line at 
2735 cur* in the case of the solution of .sodium formate. The line 1398 cur* of formic acid 
is ob.scrvcd to be split up into two lines in the solutions of the salts, one very mteuse at 
about 1353 cm”* and another very weak at about 1375 cm * ami also in the case of these 
solutions, there is only one extremely weak line at about 1650 cm * instead of the two intense 
lines 1675 cm * and 1724 cm'* observed in the case of pure formic add. The lines 073 enr* 

and 167s m-* of formic acid are .shifted respectively to 703 cm-i and 17080111'* in the aqueous 

solution and the line 1724 cm'* is ab.scnt in the solution. 

An attempt has been made to explain the.se re.^ults from the point of view of the 
hypothesis put forward by Ray and Sarkarthal the C-H linkage nndergoc^ prototropic 
change in the .solution, and of the hypotheses of previous observers regarding the chaiacteii.s- 
tic frequencies of the carboxyl group in fattv acids and al.so regarding the changes wnci 
these frequencies undergo on converting the acid into .salts .md salt ..luiion.s. mves igatmg 
the changes which lake place in the inten.sities and frequency .shifts of the Raman lines o 
trichloracL'lic add on amverliiig the acid into sodium salt solution, it has neti tomiK u 
twthe Ii„e.35.,c.,-.ob»v.d i„ the rf meUlli. ... pr<M y ^ » 

»Kill.U0D of Ihc COO model of and not .Inc I,, the bentag of - I n Ih. 

HCO gronp as suggested by Venkateswarua. Tbis latter oseillatiou gives rise o le am ne 

1375 in the solution. 


§1. introduction. 

In pursuance of a note communicated to Nature by Sir P. C. Ray on the 
work of Dr. P. B. Sarkar. snggaatog a type of electron arrangement m the 
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formic acid molecule and the formate ion, Kay and Sarkar ^ have sent a second 
note to Nature (yet unjtublislied) in whicli a similar but somewhat modified 
view on the structures has been proposed which is based on the experimental 
evidence derived from the results of the study of Raman spectra and of the 
infja-reil absorption curves of some metallic formates in the solid state and in 
solution. The authors have suggested in this note that the formic acid molecule 


:() 


A 

itself is normal in structure, i.c., in the pure state as well as in solution- 

XJH 


in organic formic esters the same normal structure is retained. 'J'he structure of 
inorganic salts however, is normal in the solid state, but in aqueous solutions it 
undergoes .u prototropic rearrangement in the following way: — 




M,;, 


■c> 


;(.) 


Oil 


+ 




ap]>areutly .shewing as though IheH' of the C 11 groujOias been replaced by 
the metal. The said authors justify their as.sumptions shewing that 

(1) C — II oscillation (aqO,^ cm~^) is present in an aqueous solution of 
formic acid; but is absent in a solution of sodium formate of the same molar 
concentration. 

(2) The infra-red absorjjtion curves of solid sodium formate and an aciueous 
solution of the same show in the solid the presence of absorption band at 3‘46 /i 
(the band which is characteristic of all aliphatic CH groupings), and its absence 
in the aqueous sohrtiou. 

It was observed, however, that in the Kaman .spectrum of the solution of 
sodium formate there are two conq)arativel> faint lines at 2735 cnT’ and 
2N3.'1 cin~’ and also a line at 1 352 cin~^ which is shifted considerably from the 
line at i3gycni~’ observed in the case of pure formic acid. In order to uuder- 
.stand properly the origin of these lines, more detailed investigations of the 
Kaman spectra of a few inetallic formates in the solid state and in solution w'erc 
found to be necessary. 'J'his W'ojk was entrusted to the pre.scnt author and 
while the investigations were in progress, a paijcr by C. S. Venkateswaran '* 
dealing with the same problem appeared. The said author has drawn the con- 
clusion that the jn-c.sence of the lines 1353 cm" '' and 2834 cm"’ in the Raman 
spectrum of the solution of sodiflm formate definitely establishes the fact that the 
C' — H linkage is intact in the formate ion, becau.se the former line has its origin 
in the bending oscillation of the CII in IICO group and the latter in the valence 
oscilbtion of the C — 11 group. The explanation offered by him, however, re- 
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gardiug the marked difference between the Raman spectrum of the formate ion 
in solution and that of the crystalline formates is not very satisfactory. He 
thinks, for instance, that the frequency of the oscillation of the CH group in the 
fatty acids diminishes appreciably when the acids are converted into correspond- 
ing metallic salts, but actually, such a change in the freciucncy observed in the 
case of acetic acid and the higher fatty acids is negligil)]e in coni])arison with 
that observed in the case of formic acid. It appeared to the present author, 
however, that the anomalous behaviour of formic acid might be due to the fact 
that formic acid is a strong acid while the other fatty acids are much weaker. 
In order to verify this hy])othcsis, the Raman spectrum of the sodium salt of 
trichloracetic acid has been studied by the present author and comjiared with 
those of the pure acid and its solution. The Raman spectra of some (’ry.stalliue 
formates and of their solutions, and of a solution of formic acid have also been 
studied; and these results, together with those rcportetl by Venkaleswaran 
bring out some characteristic differences between the Raman spectrum of crys- 
talline formates and of the formate ion in solution. An attempt has been made in 
the present paper to coirelate the results obtained in the case of formic acid and its 
salts with those obtained in the case of trichloracetic acid, and also to discuss these 
results in the light of the theory ymt forward by Ray and Sarkar regarding the 
structure of the formate ion in solution, and of the hypothesis put forw'ard by 
Kohlrauscli and others regarding the characteristic o.scillations of the CCK)H 
group. 


5 2. t^XPRRl MKNTA Tv RESULTS. 

'i'he sub.stances of which the Raman spectra have been studied in the present 
investigation are pure formic acid, .solution e>f formic acid in wateT, solution of 
sodium salt of trichloracetic acid, cadmium formate and barium formate in the 
crystalline state and in solution, and a solution of sodiimi formate. A large 
crystal of cadmium formate was obtained by slow crystalli.sation and after poli.shing 
its faces, a long exposure could be given to record the Raman spectrum, because 
the light reflected inside the ciystal which was .superposed on the scattered 
light was very feeble. In the ca.se of barium formate, however, it is difRcult to 
grow large cry.stals and therefore there W'as a strong continuous background in 
the scattered spectrum, which masked the feeble Raman lines. In some cases, a 
solution of m -dinitrobenzene in benzene was used as a filler to cut off the mercury 
line 4047 A. U. in order to ascertain the as.signment of the Rarnau lines 
unequivocally. The results for formates and their solutions along with those for 
formic acid and its solution are given in table 1, while those for the ])urc 
trichloracetic acid, its solution and the solution of its sodium salt are given in 
tabic II. Some of the spectrograms are reproduced in plate XI. 
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TatiIvE I. 


Bonnie 

formic 

Sodium 

Cadmium 

Barium 

Cadmium 

Lead 

arid 

acid 

formate 

formate j 

formate 

formate 

formate 

pure. 

.solution* 

Solutif)!! 

solution 

vsoliilioii 

(large 

rrvslals 

(40% ) . 

(40%). 

(satd.). 

(incomplete) . 

crystal). 

(V). 

189 Hh8('(.s) 

1^73 (3W 

859(1) 

i8if4b) 

703 (ib) 






1050(111) 

if>3«(j) 






1200(2) 


i35i(4) 

135'' (3) 

1353(2) 

1359(5) 

1347(5) 

13‘)8(5) 

i.W(3) 

I375(i) 




1397(1) 



j66o(ob) 




1534 (2) 

1708 (4b) 

2735(1) 




1724(4) 

1717(1) 



2S34{-’) 

2832(2) 

2833(0) 

2.87(1(3) 

2847(5) 

2993 (7bj 





2C>Sl (lb) 

i 

-•';7<i(i) 


-* Solution of iii“dinitrolK‘iizcni' in Iriizciu- iisud ns filler. 
V.— Vciikaleswnrnn, hid. Acad. ►SV/., 2 , (015 (1935.) 


Table IT. 


Trieliloracetii' acid pure 
molten (t)o"C) 

[ K . K. I*.). 

T r i eh lor a eet i v ac i (. 
solution 
(1*.). 

vS( >di in n 1 rich 1 oracet a te 
solutif 111 
( 10 %). ^1- 

200 (job) 

192(1') 

179(219 

277 (lob) 

4 Si(T 1 ') 

280(5) 

318(3) 



433 (>"'j) 

432 ('I'l') 

• 1 ( 4 ( 8 ) 

447 (lob) 



676 ( 6 .s 1 ;) 

f> 7 S(i'') 

677(1) 

833 ( 5 ‘^b) 

839(0 

838(3) 

046 {3b) 

951 (ill) 

946(1 b) 

1413 (ib) 

1332(111) 

1329(3) 

1689 (osb) 

1641(f) 

1667 (lb) 

1743 (isb) 

1743(f) 



* in-diiiitroben/.ene in benzene used as filler. 

K. K, Kohlrnusch, Miippl and I’ongratz, Z. Phys. Chem., 11. 21, 242 (1933.) 
P.— Beyches, Bull. Snc. ChinL^ 2, 3195 (1935)- 
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§ 3. DISCUSSION O U RESULTS 

It can be seen from the results Riven above that the line 2963 cm"' observed 
in the case of inire formic acid is present in the solution of the acid without any 
change in its relative intensity, width and position, hut this line undergoes marked 
changes when the acid is converted into metallic salts. In all the crystals of the 
metallic formates, the line 2963 cm" ‘ is present with the same widlli as in the 
case of the pure acid, but its relative intensity with respect to that of the line 
1350 is about one-tenth of the relative intensity of this line with lespect 
to the line 1398 cm"' observed in the case of the pure acid. In 
the case of the crystals, however, there is another line of slightly 
smaller frequency .shift. This line is very shar]) and less intense than 
the line 1350 cm"', while ill the case of the jnire acid, the integrated intensity 
of the line 2963 cm" 'is much greater than that of the line at 1398 cm' ' . Again, 
in the solutions of all metallic formates the line 2963 cm'"' vanishes altogether 
and ill the case of sodium formate solution, there are two lines at 2834 cm"' and 
2735 cm"' each of which is much sharper than the line 2963 cm"', and the total 
intensity is only a fraction of that of the line 2963 cm"' observed in the case 
of the pure acid. In the case of the solutions of cadmium and barium formates, 
however, there is only one line at 2834 cm"' in this region. This line observed 
ill the case of solutions of all the formates is much sharper than the lins 2963 
cm"' observed in the case of crystals and of the jnne acid, and its position is 
sliifted slightly towards the longer wave-length side in the case of the crystals, 
the amount of the shift I)eing different for crystals of different formates. 

As regards the changes which take place in the case of the line 1398 cm"' 
when formic acid is converted into the metallic formates, the frequency shift of 
this line in the case of the crystalline formates is found to be less than that in the 
pure acid, and the amount of shift depends 011 the nature of the metallic ion, but 
in the case of the solutions of all the formates, the frequency shift of this line 
has the same value about 1353 cm"'. The intensity as well as the width of this 
line appear to remain the same in the case of the formates as in the pure acid. 

The constant value of the frequency shift of this line in the case of all 
solutions and also the shift of the line by about 45 wave numbers from its position 
in the pure acid seems to be very significant. It is difficult to understand 
these facts from the hypothesis that the line owes its origin to deformation 
vibration of CH in IlCt) group. Since the line due to the valence oscillation of 
CH in the said gremp undergoes so many changes regarding intensity, w'idth and 
position w’hen the acid is converted into formates, it cannot Ire expected that the 
intensity and width of the line due to the bending oscillation will remain the 
same. An alternative explanation regarding the origin of this line can however 
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be given, from which tlie observed facts can be understood. It has been observed 
that in the case of pure trichloracetic acid which contains no CH group, there is 
one line at 1.113 cirr^ which is shifted to t 332 crn“^ in the case of the solution. 
In the solution of the sodium salt of this acid, studied by the present author, 
the line is at 133'^' cm~^ • This fact suggests that the line owes its 
origin to the COOlI group. It has already been suggested by Kohlrausch* con- 
sidering Hantzsch’s views regarding the structure of the carboxyl group, that II 
atom of the C( )OH group is attached to both tlie o.'cygen atoms in the manner. 


— C 




n. 


and the two frequencies tqio cm~ ' and 1650 cm“' are originated by the symmetric 
and antisymmetric oscillations of this group. Peychfes''’ has suggested that in 
the case of solutions, the hydrogen atom is further detached from the oxygen 
atoms and the angle between the latter increases, and consequently the frequency 


of oscillation of 




0 


;> 


diminishes, h'rom this hy])otheis, it is expected that in 


the case of metallic formates in solution, when the salts are practically completely 

ionised, diderent metallic ions exert the same influence on the CC group and 

X) 


the angle between the two oxygen atoms assumes a constant value. In the case of 
strong fatty acids only, such complete ionisation is expected without other interfer- 
ing factors. Trichloracetic acid being another strong acid, exhibits a similar 
phenomenon, while in the case of the higher fatty acids of the formic acid series, 
the phenomenon is not so marked, the acids being extremely weak. 

It is evident that according to the above hypothesis, the line due to C=( ) 
should be absent in the Raman siiectrum of the COOH group. Actually, in the 
case of pure formic acid, the line 1724 cm" ' due to C = (.) is present besides the 

/O 

other two lines 1672 cm ' and 1398 cm * due to C\ . This may be due to 

X) 

the fact that in the pure formic aeid there are two kinds of molecules, in one of 
which the 11 - atom of the COOH group is linked to one O-atom only, the other 
oxygen atom being held by a double bond to carbon, and in the other kind the H- 
atora is linked to both the oxygen atoms in the way suggested by Hantzsch, This 
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Raman specrra. 

(a) Aqueous solution of formic acid. 

(b) „ „ ,, sodium trichloro aci'tarc. 

<c) ,r ,f cadmium formate. 

(d) Sing[le crystal of ,, r 
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is also true in the case of tricloracetic acid. The fact that the line at about 1700 
cm" ’ is either absent or is extremely feeble in the case of higher fatty acids 
suggests that there is predominantly one kind of molecule in these acid.s, the 
kind in which H is similarly linked to both the 0 -atoms. A close study of the 
relative intensities of the Hainan lines of the different fatty acids leads to 
the conclusion that the acid molecule is ionised in the solution when the 

structure of the cai'boxyl group is Cc and cannot ionise when the group 

^OH 


has Hantzsch’s structure. In the fatty acids higher than acetic, which are 
practically non-ionising, the line 1720 is either totally or almost absent, while 
in the case of acetic acid, which is very feebly ionising, a line at 1724 cm“’ has 
been recorded by some observers, its intensity being very small. 


The study of Raman spectrum of the solution of formic acid in water 
reveals some important facts. The lines at 1672 cin"^ and 1724 cm“i observed 
in the case of the pure acid merge into one another and becomes a line at 
17080111"’. This change is probably due to the fact that all the molecules of 
formic acid are of one type in solution, — the type which contains C=0. In 
the pure acid, the type of molecules possessing Hantzsch’s structure gives rise 
to two lines at T672 cm"^ and 1400 cm"' due to vibrations of the COOH group, 
the latter line being very feeble and superjiosed on the line 1398 cm"’ due to 
bending oscillation of CH in HCt ) group. In solution, this type is converted 
into the normal type cotaining C =0 and the line 1672 cm"’ is shifted to 
ijTocin"’ and coincides with the line at this position caused by the normal 
type of molecules already present, and the other feeble line at 14000111"’ dis- 
appears com] detely. Fortius reason the line 1398 cm"’ is less intense than the 
line 1710 cm"’ in the case of the solution, while it is slightly more intense 
than either of the lines 1672 cm"’ and 1724 cm"’ in the case of the pure 
acid. The line 15980111"’ observed in the case of the formic acid solution 
is thus wholly due to the bending vibration of CH in the HCO group. 
The line vanishes in the case of the solutions of all metallic formates studied by 
Venkateswaran and the present author. There is a line at 1350 cm"’, whose 
position is identical in the case of all the salts in solutions, but its origin does 
not appear to be the same as that of the line 1398 cm"’, because in that case there 


would lie no line, having any appreciable intensity, due to the group C 


< 


O 

o 


and this would be highly improbable. On the other hand, the presence of a 
line at 1330 cm"’ in the solution of sodium Irichloracetate strongly suggests 

6 
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that this line and tlie line 1353 cin“^ observed the case of solutions of the formates 
have the same origin. Since there is no CII group in trichloracctate ion, the 
line cannot but have its origin in the (COO) group. A very faint line at about 
ibbocm"^ in the case of sodium formate solution has been recorded by the 
present author, but in other cases the vScatteiing being feeble, the line could not 
be detected. An examination of the relative intensities of the Raman lines due 
to trichloracetic acid, its solution and the solution of its sodium salt shows that 
the intensity of the line 1332 0111“^ increases in comparison with those of other 
lines in the case of solution of the salt. This explains why the intensity of the 
line 1353 enr' observed in the case of the solution of formates is much greater 
than that of the line 16700111“^. The shift of the line 1353 cm“^ fioin the 
position i39Scm^^ due to the pure acid can be understood from the 
liy])othesis put forward by Peych^s^' that the angle between the two bonds between 
C and O atoms incjeases in solution. vSuch an increase in the angle not 
only diminishes the frequency of the corresponding vibration but also changes 
the intensity, because the intensity depends on the change in the polaris'' 
ability during the vibration, and the shape of the ellipsoid of irolarisalhlity being 
changed, the change in the ])olarisability during the vibration is also 
affected. 


\ 

\ 


The lines 2963 cm” ^ and 1398 cm” ^ observed in the case of formic acid 
molecule arc closely related to each other, because both depend on the C — H 
bond. It has been obserevd by Veiikateswaran that in the crystals of lead 
formate there ivS, besides a strong line at 1347 cm” \ a line at 1307 cin”^ . Tbe 
relative intensities of this line and of the line 2963 cm”^ appear to be the vSame 
as those in the case of the pure acid from the spectrograms re] u'oduced by the 
said author, though the llgiires given by him to denote the intensities indicate 
otherwise. This fact shews that only in a small x->'^i'centage of the formate 
molecule in crystalline lead formate, the HC(J group is intact. The line at 
2S74 cm ^ is due to the vibration of C — II no doubt, but the angle between the 
Il-bond and the 0-bond seems to have undergone some changes in the foiunate ion 
in the crystal. In the solutions of all formates studied, the line has the same 
frequency shift 2834 cirr^ and the line 2963 cm" ^ is totally absent. This fact 
shows that the HCO group undergoes further changes in solution. This change 
may be the prototropic change suggested by Ray and vSarkar in their note 
communicated to Nature. The presence of another line 2735 cm”’ besides 
the line 2834 cm” Mn the Raman spectrum of the solution of sodium formate 
clearly shows that these lines are produced by CII group during the preliminary 
stages of the prototropic change,, and that the extent of this change depends on 
the activity of the metallic ion. The faint line at 1375 cm” ^ appears to be due 
to the bending oscillation of C- II in HCO in the residual amount of molecules 
which have not undergone complete protolropic change, because it suffers giuiilar 
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changes regarding the frequency shift and intensities as does the line 2963 due 
to valence oscillation of CH. 

The fact that the line 1375 cm"^ is very close to the line 1353 enr^ due to 
the oscillation of COO model of Hantzsch probably indicates the justification of 
the assumption that in the pure acid these two Raman lines are exactly super- 
posed on each other and have the frequency shift of about 1398 cm"’ . 

The interpretation given above of the Ramau spectra of formates and 
formic acid is only an alternative to that offered by Venkateswaran, but it 
has the advantage that the difference between the observed Raman spectra 
of crystalline formates and those of their solutions has been explained, while no 
such explanation has been offered by Venkateswaran. Also, the shift of the liuc 
1398 cm~’ in the solution has been explained and correlated with such shifts 
observed in the case of other molecules containing the Ct)C)ll group, while 
no satisfatory explanation regarding the shift of this line has been given by 
Venkateswaran. The study of the Raman spectra of the solutions t)f a 
few formates by the present author has revealed the fact that in the solution the 
fre(iuency shift of the liuc 1353 cm”^ is the same in all cases which io contradictory 
to the conclusion arrived at by Venkateswaran that the fre<iuency of this line 
depends on the nature of the metallic ion, 

111 conclusion the author wishes to cxpiess his grateful thanks to Di. P. B, 
vSarkar for suggestion of the iiroblem and helpful discussion and to Dr. S. C. 
vSirkar for his kind guidance during the course of the work and also to Prof. 
D. i\[. Bose and Sir P. C. Ray for their kind permission to work in the Palit 
laboratory of Physics and for providing the author with uecesssary facilities. 
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ON THE MEASUREMENT OF e/m WITH A 
•TRIODE VALVE.* 

By SANT RAM. M-Sc., 

St, Stephen's College, Delhi. 

(Received for puhlicaiion, 20lh Dec,, 1935.) 

ABSTRACT. 'I'hc effect of magnetic field on tlie grid current of a Iriode vahe lia.s been 
experimentally investigated and a method ha.s been dcvi.sed for the dideruiinalion of tlie value 

of - with the help of two formulae both of which arc similar to that used b^■ Hull ff)r the 

determination of the magnetic field with the help of a magnetron. The mean value of c/jii 
obtained with the help of one of the formulae is x lo? and with the r)lbcr it is 

i'79 X lol. 

A. W. Hull ^ had pointed out that a inagiietrou (a diode in a niagiiutic field) 
can be used to find the strength of a magnetic field by using the formula 

H.= 

c a 

Where V is the anode voltage, a, the radius of the anode and H„, the magnetic 
field just sufricient to turn round the electron.s so that they do not reach the 
anode. Dater on, Kotliari ^ used a triode valve to find the approximate value 
of e/ni. 

He observed the changes in the anode cumni by increasing the magnetic 
field. The balancing point being rather flat, the exact critical field could not be 
obtained accurately. The present experiment was performed with a view to study 
the effect of magnetic field on the grid current. During the experiment it was 
discovered that with increasing magnetic field there were abrujit changes in tlie 
strength of the grid current. The value of e/m calculated by its help was fairly 
accurate. The formula used for the calculation of the value of e/m is that of an 
equivalent diode valve. For example, if Va and V„ arc the volts applied at the 
anode and the grid respectively and /x is the amplification factor, then an equi- 
valent voltage at the anode is equal to ^ 

V. + fxV„ 


• Gommnnicated by the Indian Physical Society. 
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and that applied at the grid is equal to 


v^+iv 


a* 


The value of — then can be obtained by any of the following forinulae:- 
ni 


e _ 8xio8 
m a lii^ 


m “ b 


.. ii) 


(it) 


Here a and b are the radii of the anode and the grid cylinders respectively. 
H 1 is the critical field just sufficient to turn round the electron at the anode so 
that they may not reach it, is the corresponding field for the grid. 

Procedure. — A triode with cylindcrcal anode was placed in the cavity of an 
electro-magnet with its filament along the lines of force. The arrangement of 
the apparatus is shown in figure i. The positive end of a high ten.sion battery was 
connected with the anode and its other end to the midpoint of the high resi.stancc 
joined across the filament of the valve. A sensitive galvanometer was inserted in 
the circuit. In the same way, the grid circuit was completed. When the anode 
and the grid volts were applied, the thermionic currents began to flow in the 
two circuits and both were affected when the magnetic field was turned on. The 
cxijcriment was divided into the following two parts : 



I. Low anode voltage . — In this case the anode voltage V„ was kept between 
V„ and 2 Vj nearly. The curves in figure a show how the thermionic current 
varies with the magnetic field.* The abscissa represents the current in the field 
coil giving the magnetic field, the ordinate represents the galvanometer deflection, 
giving the thermionic current. The dotted line is for the anode current, while 
the other is for the grid current. From the curves it is evident that the anode 
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current clroi)S continually with the increase of field, while tlie grid current 
rises, attains the inaxiinum value and then drops but to its niiniminn value and 
again has a tendency to rise. If we consider the field corresponding to the 
maxiinum point M as the critical field for the electron near the anode, 

then by the application of the formula (i) we get the following value of - given 

in table 1. 

Tabijc I. 


v« 1 

V„ 

v.+^v, 

Hi 

L' 

111 


65 

28-4 

88-9 

i'70 X icJ 

5 ’o 

110 

490 

1I2’3 

I *84 X iqI 

7'5 

60 

f 

3i’c> 

936 

i'7i X 10^ 

yo 

6’o 

270 

85-5 

i‘ 74 x 10^ 

g -0 

9*0 

45 0 

1 I 2‘3 

1*70 X io 7 





Mean 1*74 xio^ 
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From the result it is evident that what we suppose is (most i^robably) correct. 
Further if we take the field corresponding to the lowest point P as the critical 

field for the grid, then the formula («) gives the value of — equal to 1*99 x 10’ 

when the anode and the grid volts are 3 and 6 respectively. The balancing 
I)oint in this case is very flat and the exact position is difficult to determine. But 
the result shows that this point does correspond to the turning of the electron 
under the grid by the corresponding magnetic field. The probable explanation 
of this is as follows : — 

The motion of an electron in the valve is very irregular. Its speed increases 
from tlie filament to the grid and then on account of the attraction of the grid 
on the passing electron, its speed drops and again rises when it approaches the 
anode. 'I'lius when the field is applied the electrons above the grid turn round , 
and are caught by the grid ; hence the grid cuircut ri.ses, while the anode \ 
current falls. This will continrre until all the electrons between the grid and the 
anode are aiTected. 'J'hus the maximum point M corresponds to the balancing 
point of an electron under the anode. 

Further increase in the field will affect the electron between the filament and 
the grid, if the field is not sufficiently strong to turn round the electron just under 
the grid ; it will at least deflect its path. On account of this the electron has to 
travel a greater distance to reach the grid. This is e(juivalent to increasing the 
radius of the grid. Thus the grid current drops continually until the electrons 
begin to vibrate round the filament. 'J'he grid current now’ will be minimum 
and the field corresponding to this will be critical. Thus the ])oint P is the 
balancing point for the grid cmrent. 

h'urther rise in the curve is perhaps due to s])ace saturation within the 
grid. On account of the electrons being confined in the grid cylinder, the space 
becomes saturated with negative charge. 'I'lius the force of repulsion on an 
electron increases and therefore some of them may reach the grid increasing 
the grid current. It should be noted, however, that to get the value of 
c 

by the formula (7) it is not necessary to keep Va less than or equal to V„; but 

m i 1/ > 

it is found that it can be increased up to nearly 2V y. Thus in one experiment 
the following results were obtained. 

Va~I9*5 voltsi 

« V^;=9’o volts* 

— ”t’69 X 
m 
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But if Vrt is increased beyond this limit, then formula (0 gives very low 
value. For example when 

Va = I9*5 volts, 

V£,==6’o volts, 
e/m=i‘20 X lo'^ . 

From the result it appears tliat the balaiicinj; point for the anode current is 
moving down the curve towards zero ijosition. In the next experiment it will be 
shown that it comes just at the point where the curve just begins to rise. 

Moreover, it should also be noted that when is much greater than 2 
then the value of e/rn obtained by the formula (i) is very high as is seen from the 
following results : 

Table II. 




c/ni 

'4 4 

11 

2*54 ^ lo"^ 

38 

11 

2 '39 ^ lo"^ 

5 '" 

11 

I '83 X io 7 

. .. 





This high value of e/m is perhaps due to the fact that the electrons, on account of 
the great attraction of the grid, are turned down by the field before they even 
come near the anode. 

IT. The high anode voltage . — In this case the grid was kept at a constant 
potential of 6 volts, while the anode potential was changed from 30 to Too volts. 
The effect of increasing magnetic field on both the currents is represented 
by curves in figure 3. 


5or 



Figure 3- 
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Tlie grid current is at first constant, then it slightly falls. This is perhaps 
diic to the fact that the field has bent the path of the elctrons, therefore more 
electrons can be accommodated between the grid and the anode. Thus, greater 
number of electrons escape from the grid cylinder into the anode cylinder. Hence 
thu grid current decreases without affecting the anode current which remains 
(Constant. Hie phenomenon is quite similar to that explained in case of low 
anode voltage, when the grid current dropped from its maximum to the minimum 
value. Further inciease in the strength of the magnetic field will turn round the 
electrons, which will be caught by the grid. Thus the grid current now rises 
while the anode current begins to drop. The point N on the curve gives the 
critical field for the anode current. As in this case the effect of the grid voltage is 
negligible on the velocity of the passing electron, therefore the critical value of the 
field (being inversely inoportional to the radius) increases from anode to the grid. 
Thus as we increase the field, more and more electrons drop into the grid and the 
curient rises. But when the electrons under the grid are affected, the current 
begins to decrease. Thus the highest iioint M in this case corresponds to the 
balancing point for the grid. The values of c/m calculated by the formulae (i) 
and (ff) taking N and M as the balancing i)oints for the anode and the grid 
respectively, are given in table ill. 


Tabt.k III. 


v„ 

V„ 

1- 

1 - 

+ 

III 

' Gauss) 

e/111 

ri 

Tlz 

(C jaiis.s) 

f/m 






> 



loo 

6 

T24 

ivSi '7 

I ’78 X io 7 

31 

557 '^ 

1*66 >' 

80 

6 

104 

36 g ‘3 

1 76 .. 

26 

226‘2 

I -So „ 

70 

6 

y 4 


I’So „ 

23 '5 

2 IQ ‘2 

i ‘73 1, 

60 

6 

84 


i' 7 A „ 

2 J 

200*5 

00 

50 

6 

7-1 

M 4’3 

1 6 l) „ 

18-5 ' 

194*2 

174 .. 

/\o 

6 

64 

131 ’8 

I '79 .. 

1 6 

173‘y 

i '87 .. 

30 

6 

54 

iiS'6 

1 82 „ 

i 3 '.S 

157*8 

T ‘92 n 

Mean 

... 


... 

177 



F79 n 


For the above experiment 1 am very much obliged to Dr. D. S. Kothari, Ph.D., 
for bis valuable suggestions and other necessary help. 


RKFFRFNCKS. 

^ Phys. Rev. 1921 and 1923. 

* Indian Journal of Physics, Vol. II, Part IV. 

^ Thifmionic Vacuum lubes by F. V. Appleton (page 39). 
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ANALYSIS OF SIGNAL-FADING OBSERVATIONS 

By BIMALENDU SEN GUPTA. M.Sc. 

AND 

S. R. KHASTGIR, D.Sc., 

Dacca University. 

(Received for piiblication, March jini, 

§1. INTRO])DCTlON . 

1 he fading of the Calcutta signal (V . TT. C. i") ol)sci'vcd during 

the night hoiiis {7*3^' to ^0-30 p.m.) atDacca which is 240^111. away from Calcutta 
has been statistically studied in the present paper. Variations in the intensity of 
signals from a distant transmitter may be due to changes in one or more of the 
following variables which determine the nature of the downcoming waves deviated 
from the ionosphere ; 

(a) Angle of incidence. 

{b) Intensity. 

(c) Phase, 
id) Polarisation. 

It is known from the work of Aiiiileton and otlicrs ’ that the changes in the 
angle of incidence or polarisation of the downcoming wave are not responsible for 
signal variations to any appreciable extent, the tirincijjal causes of such variations 
being random changes in phase and intensity. 

The phase-fading has been considered in our statistical study, assuming 
interference to take place between the ground wave and the downcoming wave of 
steady amplitudes. The variability of phase-fading has been worked out and 
compared with the variability calculated from the continuous observations of the 
galvanometer deflections due to the Calcutta signals. 

The intensily-fading may be due to (i) interference between two or 
more waves, each of which is regularly reflected from a portion of the ionosphere 
which is not horizontal and which is large compared with a wave-length or due to 
(2) interference between two or more waves scattered at random from local 
irregularities of extent less than one wave-length or due to (3) interference taking 



134 


Bimalendu Sen Gupta and S. R. Khastgir 

place between several atmospheric waves arriving: at the receiver by different 
paths. The problem in each case is merely a problem of compounding a set of 
components of random amplitudes and phases. Considering such multi- wave 
interference and assuming the amplitudes to be unity, the variability can how- 
ever be deduced. Since there is no a Priori reason for such an assumption, cal- 
culations based on it would not lead to any fruitful result. Intensity-fading is 
not therefore considered in our analysis, although it is recognised that over a 
distance of 240 km. between Dacca and Calcutta and for A = 370 m, signal-fading 
iiiUvSt be to a large extent due to the variations of the intensity of the downcoming 
waves. In the present paper, however, a statistical examination of our signal- 
fading observations has been made assuming a widely varying iihase-diilerence 
between the ground wave and the atmospheric wave which has been reflected only 
once from the ionosphere. If there is such phase-fading to an appreciable extent, 
it is exjiected to obtain indication of it in our study of the variability of signal 
intensities on such assumptions. 

§ 2. THE VARIABILITY OF P H A S E ^ F A D I N O . 

V/hen the ground- wave interferes with the downcoming wave deviated by the 
ionosphere, the resultant effect at the receiving station depends on the amxjlitudcs 
and phase- difference between the interfering waves. Assuming that the waves 
have the same wave-lengths, the resultant amplitude is given by 

r=aV i^ + a2^’^2aja2 cos 0 

where ai and ag are the amplitudes of the ground-wave and the downconiing 
wave respectively and 0 the phase-difference between them. 

The effective height, ionization-density, etc., of the ionosphere are varying 
quantities so that the jjhase-diffcrence 0 can vary between wide limits, producing 
sometimes absolute wipe-out of signals and sometimes an increase in their 
intensity. The resultant amplitude would thus vary between {a^-^a2) and 
(a I —a^). If the two waves vSuffer the same amount of attenuation, the variation 
of amplitude would be between o and 2a. 

The variability of fading has been defined here as the ratio of the mean 
square deviation from the mean signal current to the square of the mean current. 
I'll us if i be the signal current at any instant and i the average of the signal 
currents over a certain interval of time, the variability will be given by 
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Since signal current i (ai® + a2® + 2aia2 cos fi*), where is the pliasc-differencc 
at any instant, the variability can be expressed by 

. z= aai® a 2^ 


The values of a for diffeieiit values of a 1/112 or a^i'a) are given in tal)le 1 . 


'Iaw.e 1. 


t7j//i2 a^/ui 


■50 

■32 

‘18 

■] I 

■07.1 



12345 


Ratio of amplitudes 

Figure i. 

A curve showing variability of phase-fading against the ratio of amplitudes 
is given in figure i. 



136 


Bimalendu Sen Gupta and S. R. Khastgir 

§ 3- EXPERIMENTAL RESULTS. 

The values of variability have been calculated for 21 sets of fading observa- 
tions with a vertical aerial set and for 38 sets of similar observations with a 
loop aerial set. 

In each set of observations which covered an interval of 20 to 40 min., the 
deflections of a galvanometer balanced for no-signal anode-current were recorded 
every 1/2 minute after the receiving set had been tuned to the Calcutta Station 
wave-length. The values of variability for both sets of observations are given 
below in the decreasing order of their magnitude : 

A. Vertical Aerial vSet : — g6, 79, 78, 77, -63, -58, -50, -49, -48, -45, -42, i 

■39. -3^^. -35, -31. ■3('. •29- -27, -25, -25, -21. \ 

B. Loop Aerial Set ; — 2-61, 182, 1-57. i- 44 j I‘32, 1-28, 1-12, i 00, -83, 79, 1 

76, 76, 76, 75, 70, -66, -bs, '62, -62, -58, -56, -55, -54, -49, '44, -44, ’44, ■43- 
•43, -43. -37. -36, •36, -33, -33. 29, -25, -20. 

The number of cases where the variability values lie with a range of .15 are 
arranged in table 11- 


Table I. 


Range. 

Vertical aerial. 

Loop aerial. 

o-is 

0 

0 

•15-30 

6 

3 

\V >-45 

5 

II 


A 

5 

' 0 ()- 7 ^ 

j 

b 



.S 


i 

1 

1*05-1-2 

, 


1 


The distribution curves for both sets of observations are shown in figure 2 . 
Kach curve reveals a very pronounced peak reirresenting the most probable value 
of variability. The peak rvalues for the two sets of observations are given in 
table III. There is indication of another peak in each curve. The additional 
peak for the vertical aerial is at ’83 and that for the loop is at ‘68. , 
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KlGUliK 2. 


Taiii,k ITT. 


Most piobablc value of variability. 
Vertical aerial. Lwp aerial. 

■ 2.3 -38 


§4. THE RKSULTR OF THE ANALYvSIS. 

(a) Indication of phase-fading : 

To obtain atfreeinent between the most ]>robable values of variability of the 
signal current, given in table III with the values for the variability of phase- 
fading, it can be seen from figure i that 

- or = 2-6 for the vertical aerial observations 

a.j 

and — or =i -6 for the loop aerial observations. 

Ui 

This suggests that the observed signal variations vvould partly at any rate^ 
represent phase- fading. 
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{b) Estimation of the amplitude of the downcoming wave relative to that of 
the ground wave : 

The night signal current in the vertical aerial set is given by ip=»K(ES + 
cos‘^ ^> + 4 Eq.K. cos </>. c'os 0 ), where Eo and E are the vertical electric forces 
I>roduced by the ground wave and the downconiiiig wave respectively, ^ the 
glancing angle for the latter, 0 the phase-difference between the two interfering 
waves and K a constant. Thus aj =K() and a2==2 E cos 0. 

For the vertical aerial observations, we have seen 


Ui , X 

-'=2-6 or — 

ag 3-6 


We have reasons lo reject the second alternative, so that 


n ^ I 

Ej 5 2 X cos 4 


(</*=4o°, taking the E-layer-height to be loo km. and the distance between Dacca 
and Calcutta 240 km.). 

The night signal current in the loop aerial set is given by 
i,^ =K'(H? + 4H2 + 4 Ho.H cos e), 


where IIo and H are the magnetic forces corresponding to Eo and K. 

Here ft] = Ho and a2 = 3H. For the loop aerial observations, we have 

^ = 1 - 6 . 


Hence 


E_ ^ I , 1 
E„ 2x1.6 3-3 


Considering both these lesults, we can say that between Calcutta and Dacca, 
the ratio of the vertical electrical forces produced by the downcoming wave and 
the ground wave lies between 3 and 4. 

It should be mentioned here that by assuming complete phase-fading, 


Appleton and Ratcliffe ^ made an estimate of ^by the 

H-o 


natural fading method 


for various distances. 


• H 

Over a distance of 210 km. for AI/I400 m, - — was 

Ho 


found 


to be '29 i.e. 


34 


. Choosing only those values of the signal maxima and Iminima 
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for which tlie increase above the mean value is equal to the decrease below the 
mean, they calculated from 

Up 

H =■ 1 Hruftx. H mill 

H o Hums. + limiii. 

in the case of loop aerial observations. Similar calculations with oiu signal-fading 
observations are consistent with the value obtained by the statistical method. 


§5- vSUMMARY. 

An analysis of 59 sets of continuous observations of '‘fading'' of the Calcutta 
V. IT. C. signal (^=370'/i m) received at Dacca is given in the ixiper. The prin- 
cipal causes of signal variations are the random changes in phase and amplitude 
of the downcoining wave returned from the ionospheie. The analysis shows that 
the fading of the signal can be regarded, partly at any rate, as an effect of inter- 
ference between the ground wave and the dowiicoming wave with constant amidi- 
tudes and random ])hase-di{Terence. 

It has been possible also to estimate from this analysis the value of the ratio 
of the vertical electrical forces produced by the ground wave and the do^vncolnillg 
w ave. lletw'eeii Calcutta and Dacca, the ratio has been shown to have a value 
lying between 3 and 4. 

In conclusion wc record our sincere thanks to Prof. S. N. Bose for his kind 
interest and helpful suggestions in this work. 


Physics Depaktmknt, 
Dacca Univeksity. 


RKPKRKNCKvS. 

1 Appletou and Ratcliffe. Prnc. Roy. Soc.,A. 116 , igz 7 - Ralcliffe and T’awsey, Proc. Camb. 
Phil. .S'oe., 29 , Pt. II, 1933 ; Pawsey, Pror. Cainb. Phil, .^oc., 81 , Pt. I, 1935. 

^ Appleton and Ratcliffe, Proc. Roy, Soc., A , 128 , 1930. 
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THE ORIGIN OF MASS IN NEUTRONS AND PROTONS.* 

By M. N. SAHA. D.Sc., F.R.S. 

(Receioed for publication, March 2nd, 1936.) 


§1. INTRODUCTION. 


The use of ‘ mass ’ as a fundamental concept dates from the time of the rise 
of Galileo-Newtonian mechanics, but discoveries in physics within the last sixty 
years have shown the necessity of our revising the original concept. As early 
as 1885, J. J. Thomson showed from classical electrodynamics that a spherically 
charged body moving with a velocity v has its energy increased by the 
2 

amount ^ v®, where a is the radius of the sphere and p- is the permeability of 

15 flc 

the medium. The arguments used were rather of a hydrodynamical nature. 
These studies were further continued by H. A. Lorcntz and others, and brought 
to a close by Abraham. These results may be quoted here. When a sphere of 
radius a charged with the electricity ‘ c ’ moves with a velocity i', which is small 
compared to the velocity of light, it produces in the space, 


the e.m. energy 




(1) 


thec.m. momentum- v 

ac 


We can say that the mass has increased by when we calculate 

it from the energy value. When, however, we calculate it from e.m. momentum, 

the mass increment comes out to be . The explanation of this discrepancy 

ac^ 

has not been forthcoming. 


* Address delivered before the Indian Physical Society on 8th February, 1936. 
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When V is comparable to the velocity of light, lyorentz showed that if we 

suppose that the length of the sphere is reduced in the ratio of 

we get ... (2) 

j ^2 ^,2 (Hypothesis of 

The e.m. cnergy= ^ /~ .. contractile 

3 electron) 

Thus the incrernent in that part of the mass which is of electromagnetic 

origin follows the law, m — j . When these theories’ were being 

developed, Kaufmann and J. H. I'homson showed experimentally that the mass 
of the electron increasevS with velocity and later experiments have shown that the 
variation is governed by the law 


m~mol i — 13 ) 

This proved that the whole mass is of electromagnetic origin, and we are 
justified in saying that the electron has a radius 

2 

a = 2 or = — 

3 mc^ luc^ 

according as we take the energy or the monieiitum for determining the mass. 


Hypothesis of Roialing Electrons^ 

Abraham showed that if the spherical charge be su])posed to rotate w ith the 
angular velocity oi it can be shown to possess the follow ing proi^erties : — 


Rotational energy = w. 

9 


Mechanical moinent=‘' 

y c 


Magnetic moment = w. 

3 ^ 


(4) 


Since the moment of inertia of a h(.)lloW sphcricM body of mass m about any 
diameter = 3 ma^, the angular momentum =-3 ma^u>. We have, equating the two 


m 


3 



... (3') 
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Idcnlily of Mass and Energy. 

In the ineanlime, IJinsleiu, proceeding froin the assumptions of invariance of 
form of equations of motion ■when referred to two siiacc-tinie co-ordinate systems 
moving with respect to each other with the velocity ai, had arrived at the 
conclusion that energy and mass are identical, being connected by the exi)ression 

E=i)ic“ (5) 

wheie c = velocity of light. When the units of time and sjiace arc so chosen that 
c = I , E becomes identical with m . 

This theorem, wdiich forms the corner stone on w hich all studies of nuclear 
reactions have been based, is inde])ende]it of any hypothesis except llie general 
assumption underlying the special theory of relativity. It is, however, in agree- 
ment with the Eoreutz theory of eiectromagnetic origin of mass, as the variation 
of mass is given by 


m = inol 

In fact, if w'e accept this theorem, then to[!calculate the mass (T any fundamental 
particle (electron, proton, etc.), we have to find out its energy of formation. This, 
when divided by gives us the mass of the particle. 

Mass of ihc Electron and the Proton. 

Tlie energy of formation of a .spherical charge c distributed over 

c ^ . I e ^ . 

a siDhere ‘a’ is given by and hence its ma.ss is ^ ^^2 but it is usual to 

multiply it by 4/3 which is supposed to represent the action of forces which 
prevent the electron from exploding. We have no method of knowing a directly, 
but as f and in are known, it is customarj.' to use the teim “ electronic radius ” 

to denote the quantity - .,3 nr omitting *' , dimply to denote - ,, ab the 

3 nur 3 

electronic radius. Its value is 
* 2 

2’83 X 10“^ ^cni. 


and we have 


=_ _/^‘'V = ra2 

mc'^ \ ch / 


(6) 


where r — fundamental llohr radius, and <>■ — Sommerfeld fine-structure constant. 
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The difficulties in tlie above theroy of origin of mass have not yet been 
overcome; in fad they have been accentuated after the rise of quantum mechanics, 
and increase in our knowledge of the physical properties of the electron. 

§ 2. T TI K MASS O 1‘ T II 1C P R O T 0 N. 

Before 1932, the other fundamental particle was the proton. 

The task of the accounting for the mass of the i:)rotou on the above basis 
])rcsented greater difficulty. It had to be assumed that the radius of the proton 
is nearly 1^47 times smaller, i.c\, nearly cm. Wliile there is nothing' 

against the hypothesis of such a small diameter for the proton, it does not help 
us much, for it merely accei)ts the situation; the reason why the proton mass 
is so much heavier than the electron, though the charge is the same, remains 
unexplained. 

In recent years, the discovery of the neutron has put the whole (luestion 111 a 
new light and has shown that the energy of formation of the proton cannot be 
of electrical origin alone. The neutron has no electrical charge; still it has a 
mass which is 1852 times heavier than that of the electron If we wish to 
account for the mass of the neutron, we can no longer seek for its origin in the 
electromagnetic theory as the neutron is uncharged- We have, therefore, to 
calculate its energy of formation in a different way fi om that of the electron. 
When we have been able to account for the mass of the neutron, that of the 
proton may be next attempted, as the proton is most jjiobably a neutroil which 
has lost an electron or a neutron wdiich has acquired a positron. 


Mass oj Lhe NcuLrou, 

According to the recent measurements, the neutron is 1847 x —1852 

I'oSi 

times heavier than the electron. It has a si)in of and obeys, as Heisenberg 
has shown, hermi-Dirac statistics. We cannot say what its magnetic moment 
in the free .state is, Init in the nucleus its magnetic moment is certainly of the 
same order as that of the proton. This is proved by two known results. The 
nitrogen nucleus N ^ is most probably composed of three cx-particles, one 
proton and one neutron. Its spin is knowui from measurements of intensity 
data of Ng bands to be one- But Baclier has shown that lines of N show no 
hyperfine structure. Hence the magnetic moment of the nucleus is zero- Now 
the (X-particles have their spin =0 and magnetic moment =0 and therefore, we 
have to assume that the proton and the neutron have their spin in the same 
direction, but their magnetic moments cancel each other, i.e,, the neutron 
behaves like the anti-proton as far as the magnetic moment is concerned. The 
6i)in and the magnetic moment of the deuteron tell us the same story. The spin 
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is one, but the magnetic moment has been found to be times that of the 

proton, viz, ~ hence that of the neutron i.s , where M is the 

2 4'^cM 2 4n-cM 

mass of the proton. 


§3. FREE MAGNETIC POLES. 

It was Dirac’ who first showed that quantum mechanics demands the exist- 
ence of free magnetic poles, having the pole .strength (or magnetic charge) 

‘IL = A where a = Sommerf eld fine-structure constant. Recently, the present 

4rre 2 « 

author deduced the existence of free magnetic r)olcs from very simple considera- 
tions. If we take a point charge c' at A and a magnetic pole /x at B, clas.sical 

electrodynamics tells us that ^ (e) (a*) ^ 

the angular momentum of the system about the line AB is just cfijc. Hence, 

following the quantum logic, if we put this — , the fundamental unit of 

2 2 ^ 

lie C 

aiit^iilar moiiicnhiiii, Ave liave /x= — =— which is iust the result obtained by 

4-rrc 2a 

Dirac. 


Spiv avd Mass of the Magnciic Particle, 

Eut the concept of a fuiKlaniciital particle requires that we should have also 
precise knowledRC about their rest-inass their spin, as well as the statistics 
they obey. 

Mass of the Free Magnetic Poles, 

We can calculate the mass of the free magnetic poles in the same way as for 
electric charges by using classical electrodynamics. It is useless to repeat the 
mathematical working. If the poles are spherical, and the magnetic charges 
are distributed over a radius b we have the mass M given by 




3 




(7) 


Thus the ratio of the mass of the magnetic poles to that of the electron is 


M q r 

VI b *^a” 


( 8 ) 


We have no method of determining h as the free magnetic pole is still undis- 
covered and its tnass is iiol known. But let us assume with Eddington that 



146 


M. N. Saha 


the radius of fundamental particle in the sense used here, is given by some 
universal j)rinciplc and is the same for all particles. Thus we take a 
We have then 


.¥_ = = (137*29)^ ^ 

m 4 


47i2'i. 


(9) 


Thus on these assumptions the free magnetic pole is 4712/1852 = 2’54o times 
heavier than the neutron. Its radius is now wlierc cx = Sommerfeld constant, 
and r is the fundamental Bohr radius. The objection may legitimately be 
raised against the liypothesis that the radius of the Magnetron (free magnetic 
pole) should l)e the same as that of the electron, but if we assume a smaller 
radius, the particles become proportionately heavier. The existence of such 
heavy particles is not yet known. 

Why have we not been able to observe the free magnetic pole? 

This (luestion was tackled by Dirac. He thinks that tlie force of attraction 
between the poles is so great, that in Nature, a positive and a negative pole 
always occur in pairs formijig a dipole, secondly, Tamm tried to calculate 
the ‘ eigen '-energy of a system consisting of a free magnetic pole and an 
electron. No ‘ eigen ‘-values were found, but it was pointed out by the present 
writer that the aSvSumptions underlying these mathematics were probably faulty. 


Idcnlificalion of Magnetic Dipoles wilh Neutron. 


It was suggested by D. vS. Kothari'* that the neutron or the skeleton of it, 
may jjossibly be the dipole composed of two equal and oppositely charged free 
magnetic poles. This suggestion may hkt given a trial. As we have already 

ch 

shown, the magnetic moment of the neutron is of the order --- and let us 
' ^ 47rMc 

suppose that it is given by 


J = 


4 ^Mc 


6^1. 




(10) 


where / = distance between the centres of the two poles. We get 


/ = 


^ ^ 




me 


.2 


m 

Mp 


*a. 4a2=4r(X^. 


(ii) 


Thus wlule we assume the dimtiisions of the magnetic poles to be of the order of 
r the distance of their centres when they form dipoles appears to be of the 
order r(X^ /.c\, a*^-tinics less. Det us see whether wx* can obtain any justification 
for this apparent contradiction 
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The Dirac Equations for Free Magnetic Poles. 

For this iJurpose, we can study a system consisting of two Dirac oppositely 
charged poles. Let their masses be Mp and the magnetic charge be fi. Our 
problem is to write out the relativitistic Dirac Kquations for the system and to find 
out ‘ eigen ’-values. 

This is a problem of two bodies, for which special relativity has as yet found 
no solution, as each particle has its own individual space and time. But we can 
reduce the present problem to an one body one, by assuming that the bodies are 
always at the opposite ends of a diameter passing through the centre of gravity, 
and their motions are equal and opposite. We can also formulate the equations of 

motion in the same way as in the case of the electron, only we have to use ^ 

for c, and the potential four-vector is now the magnetic potential four vector, i'.c., 
they act upon a magnetic pole. 


We have a, = a„=a,=o 


and 


a, = - ^ ; hence the potential energy 
2r 



e 


2 


8 cx-t 


wliere r is the distance of any particle 


from the C. G. 

'Phe equations of motion for one particle can therefore be written as 


lie ) dz dx dy 


... (12) 


and three other similar equations. (For the notation, sec, Bethc, Handburclr dcr 

Physik, 24. P. 31 ^ 

We have ^ 

where M. is rest mass of the particles=w /4 * . 

Vo 


M, 


= mass under present conditions, which we have to calculate. 


9 
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As shown by Bethe, the equations can be reduced to the forms : — 



our F is Bcthe’s Xit is his X2* 

The equation differs from (g'la) of Bethe’s only in having Mo = w/4«® in 

place of m in Bethe’s and in place of a which is — - — , wc have ^=/i=i7'i6. 

137-29 8a 


We thus find that j8 is no longer a small quantity but is equal to 17-16. 
We have also 

Me me I _ I 

h h ' 4a“ 4aa=^ 


For .solving this equation, let us put F=Ae'~^’^, G = Bc”^’^ 

and A = ^^-Vi — where e= andwc introduce a new variable p = 2Ar. 
h Fo 

Then the equations reduce to , 


iA 

d p 

dB 

dp 



(15) 


where 


e= 



I +e 


This equation can be solved exactly as in Bethe’s article, by the polynomial 
method, and we obtain, 


6 



... (16) 


We have /8 = A- but unfortunately there is at present great divergence of 

8ci 

opinion regarding the exact value of a=2>re‘^/c/i as the values of c, h and 
particularly of e obtained from different experimental methods, do not agree 
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within reasonable limit. Birge has discussed the problem in a recent note to 
the Physical Review (Vol, 48, 1935)- K wc follow his directions, i/^ is found 

to vary between i37'29 to lab'ab. If a = vvould be exactly 17, but if 

13b 

it is I37‘29, 17 : it is not an integral number. But k must be integral and 

If 13 = 17, we could have pul fc = ^ and >1^ = 0 we would gel e = o, i.e., this 
would correspond to the case of complete annihilation; the whole mass energy 
is given out as radiation. 

But there is very little likelihood that /3 = i7; we take / 3 — 17' 16 and fc can be 
given integral values >X7' If fc = iS and w,. = o we obtain, 

e= '302. 


ic the mass of the dipole is now reduced to 2X'302X ~ 2846-tiines the 

mass of the electroii = i‘52-times the ma.ss of the neutron. Thus the mass-ratio 
does not come out correctly. When fc > 18 and tends to infinity, e tends to 
unity. 

The i/'-f unctions for the above solution have their maximum value at 

1-1} I17) 

i.c., at distances of the order of since . Thus the nuclear distance 

does not come out to be of the order aa^ as demanded by physical considerations, 
but is much larger. 

The solutions w'e have treated are real only for /c>’/> hut it is just possible 

that w'C may have solutions which hold for k<i/-i but a seaich foi such solutions 

has not yet yielded any positive result. 


§ 4. 


A 


rkvirw of 

THE FRO 


OTHER ATTEMPTS FOR EX PE AIN] 
TON-ELI'iCTRON MAS.S RATIO. 


NO 


It is now recognised that the explanation of the protoii-clectron mass ratio 
forms one of the outstanding fundamental problems of physics, and hr recent 

years, a number of attempts has been made by distinguished sc.ent.sts to solve 
Sir A. S. Eddington published between ipaP and 193a a number of impers 

X cli 

r\ i-tm ’ d fst-i He believes tli3.t o is ex<iLtly 

ill the Proc. Koy. &oc. on this subject# ^ 27 re 
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137 and I 36 ® 137 -I represents the number of degrees of freedom of the Dirac- 
eleetron; and t]:at 10 represents the nmnber of degrees of freedom erf a particle 
in Riemauuian space. From these assumptions he writes out the following 
equations for particles in Riemanniau space. — 

The mass in of the particle satisfying this equation is given by the roots 
of 

lom® — 136OT + 1=0 ... (iq) 

I'lie r-atio between the two roots is i847‘6o which is almost the proton elec- 
tron mass-ratio. 

No comment is needed on this inteiesliu.g .speculation, but physicists will 
jjrobably like to have some theory which will make a more direct appeal to their', 
experience. 

The second attempt has been made by Born and Piyce. They suppo.se 
that the proton and the positron arc different quantum stales of the same particle, 
the position being defined by l = o,j=^ and the proton by s = i, Z = i, 

j=|. The analogy to the Goudsmit-Uhleubcck explanation of the .stales of the 
H-atom is apparent. The .spin motion is supposed to give rise to tlie electrostatic 

I 

energy formation, viz.,-- — , or rather Bom and lufeld’s modificatiou of the 

3 ^ 

above expression in which the difficulty of an infinite energy with a = o is avoid- 
ed. Tn the state / = 1 , .f = 2 the particle xeceives an increment of energy due to 
the Z-motiou, which is identified with the mass of the proton. This is e:dcu- 
lated as follow'S: — The motion endows the particle with the magnetic moment 

1 . — , or .since Z = I with the moment . This gives rise to a rotating 

4 ’^iiJC 

magnetic field in space. If this body be sup])osed to be a sphere of radius a, 

1 

the energy of the field is j- on the analogy of classical electrodynamics. 

2 a 

We find therefore the energy of formation of the particle 

Mr2= ' L 0'^ i 

2 2 V 4^cm r 2 4a“ • a • 


Since — u =a, we have 
me 


1U 8a“ 


j =2340- 


The experimental yalue is 1847. 
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Dorn is of opinion that though the ratio has not come out correctly, the 
investigation has made it clear that the ratio M/m should be a simple function 
of the Somracrfeld fine-structure constant. 

In spite of the great ingenuity displayed in the above working, it is doubtful 
whetlier the theory will carry much conviction. First, the identiflcatioii of the 
energy of A-motion with electrostatic energy will find few supporters amongst 
physicists and is opposed to the accepted explanation of A-motion. Secondly, 
there is no experimental evidence that the positron and proton are different 
quantum states of the same particle. It will be noticed that the neutron is al- 
together ignored in this investigation. Thirdly, the calculation of energy of 
formation has been made only for .v = i, l = But what about tlie states 2, 

3 . ? On the above logic, they arc likely to give rise to nuclei of masses 

2'^, 3“ times that of the proton. No experimental evidence has yet been 

found for the existence of such nuclei. 

Another objection is that the magnetic moment of the proton has been 

observed by Sterm and liastermaun to be — and this is about — - 

2 4»rcM 750 

times the moment ascribed to the Z-niotion of the particle, viz., Born 

i]ncni 

says that this moment is due to s- motion which is also — ^ — , but acts in the 

47Tcm 

opposite direction, leaving a small residue 5/2 — But the assumption 

47 rcM 

is frankly arbitrary, and further it is illogical to regard ‘ .v ’ as being of 
electrostatic origin and then to suppose that it gives rise to a magnetic moment. 

While criticising other views, it is not the author's intention to conceal 
the insufficiency of his own investigation. First, the mass ratio has not come 
correctly. This may be partly due to a faulty formulation of the problem of 
relativitistic wavc-niechanics of two bodies, and partly due to the fact that the 
Dirac equation has other solutions which have not yet been discovered. But 
a more i)otent reason seems to be the assumption that the magnetostatic attraction 
between the two particles is given by the law of invcise sqvuie. Ihe size of the 
particles has been assumed to be of the order ra^, whereas the nearest distance of 
approach when the particles from a neutron is of the order ra\ Hence it appears 
that we shall have to assume a different law of attraction. Besides, we have to 
account for the spin-value, the magnetic moment and the statistics obeyed by the 
dipole. The spin of the free magnetic pole is probably zero, for we have assumed 
that the spin of the combination magnetic pole-electron is 4 about the joining 
line AB while that of the electron is also -i- Considerations of equilibrium also 
require ’that the electron axis -would be parallel to the line joining the two 
particles. Hence the spin of the magnetic pole should be zero. 
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It is doubtful, if the spin of the free magnetic pole be zero, whether 
Dirac’s equations of motions can be applied to it, for in Dirac’s theory, the 
resultant angular momentum which comes as an integral of the equations of 
motion is always half -valued. The other possibility is Schrodinger 's treatment 
of the relativistic wave equation, but even this does not give us the correct 
result. 

The only positive result is that the large value of the mass-ratio M/m is 
ascribed to the fact that the mass of the neutron arises from an entirely different 
cause than the mass of the electron. It is due to free magnetic poles. 

The whole investigation is based upon the tacit assumption of the existence 
of free magnetic jjoles and since these have not yet been discovei'ed, we have to 
show that they are not figments of the imagination- Their existence has been 
deduced from straightforward quantum logic, and hence it is difficult to throw 
doubt on their existence. We rather discuss why the poles have not so far beeV 
discovered. According to our hypothesis the magnetic poles can never oceni; 
in free state in our universe. When two magnetic poles combine to form a 
neutron, nearly eighty per cent, of the energy is radiated away in the form of 
radiation of energy 3 7 x lo'"* e. volts, hence it is almost impossible to split up the 
neutron. It is just possible that when a neutron lying within a nucleus is 
bombarded by a cosmic ray of suitable energy, it is split up into free magnetic 
poles which produce intense disturbance in the nucleus as they are liberated. 
May not the mysterious phenomena of cosmic ray bursts be due to this cause ? 

I wish to express my thanks to Di. D. S. Kothari, and Mr. Ramuivas Rai, 

with whom the contents of the paper were discussed. 

[Note added : — In course of a discussion on the paper, Prof. D. M. Bose 
raised the point that if the same mathematics w'ere to be applied to the motion 
of a positron and electron about each other, we should get corresponding solu- 
tions, where 80% of the mass would be radiated away. W*e know of no such 
radiation or of particles. T have since given some thought to Prof. Bose’s 
point but find that the electron-positron case cannot give rise to the kind of 
solutions contemplated by Prof. Bose . For we should have 


/y/ 1+ ( 


a/2 

V nr + ~“^/4' 


(A) 


where — takes the place ^ in (16). Now /3 is a large numbei >17, while 

2 2 

is a small fraction. The lo'i^est allowable value of fe in (A) is unity. It may be 
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a* 

easily verified that this leads to values of e = i - — g, n = n? + fe, and the radia- 
tion emitted is 


V = 



I 



) 


i. c., they should have double the wave-length of ordinary hydrogen lines. Such 
lines were looked for in the spectrum of the corona (see Observatory, 56), l)Ut 
none has been so far obtained.] 
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ON A NEW TYPE OF ABSORPTION BANDS OF 
POTASSIUM VAPOUR. 

By BIRENDRA KUMAR CHAKRABORTl, M.Sc., 

Govt, of Bengal Research Scholar. 

{Received jor piibiicalion, juJy i^jlh, 

§1. INTRODUCTORY. 

As early as 1922, Dalta' observed in the abs(jri)li()n spectrum of potassium a 
few diffuse lines associated with the principal series Hues. These lines appeared 
in absorption only at comparatively high pressures aud seemed to have no 
correspondence with the emis.sion lines. Sometime past, Franck ^ put forward a 
new conception of loose molecular formations due to Van der Waal’s forces be- 
tween two normal atoms without any real chemical binding between them. In 
the initial state of these Van der Waal’s molecules the valence electrons rotate 
with their spin vectors in the same sense, and there would be a strong force of 
repulsion between them. Due to repulsion there is a continually falling poten- 
tial curve with increasing distance between the atomic centres till a potential 
minimum is reached as was theoretically calculated for liydrogcn by Tondon and 
Kisenchitz."'’ As has been suggested by Kuhn,'* the heat of dissociation of such 
polarisation molecules formed by Van der Waal s forces in the case of alkali metals, 
is of con.siderable amount and may be of the order of that of tiue molecules. In the 
excited state ordinary molecular binding may occur . But as the diffuse lines are 
associated with atomic lines of the clement in question, the binding in the excited 
state may also be very loose and Kuhn put forward this picture to explain the 
occurrence of the one or two diffuse lines which he obtained by a repetition of 
the experiments with the alkali vapours. As he, however, did not postulate the 
existence of discrete vibrational levels corresponding to the loose molecular for- 
mations, his picture served better in explaining the asymuictiic broadening of 
the principal series lines as observed by Winaus in the case of Hg, Cd aud Zn, 
than in explaining the appearance of two diffuse lines, one on each side of 
the atomic absorption line, and in the [latter resj)ect his suggestion seemed to 
be rather artificial. 
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Tlie experiments with potassium, sodium and rubidiiim were repeated at 
the Presidency College Laboratory W'ith instruments of higher dispersion and the 
results were published in a previous paper. ^ There it was shown that the 
difference in wave number between these lines and the corresponding principal 
absorption lines agrees fairly well with the difference in the vibration levels of 
the molecules expressed in wave numbers. These lines seemed to be structure- 
less even at a dispersion of 2'/\ A” i)er mm., and it was very natural to su])pose 
that their origin might be atomic. A tentative explanatiojr on this basis as to the 
origin of these lines was“givcn. It was, however, thought worthwhile to repeat 
the experiment with potassium vapour at still higher jjressure, using a somewhat 
larger dispersion and this has revealed the presence of many more diffuse lines 
M'hich cannot be fitted with the tentative scheme originally laid down. On the 
other hand, it is possible to arrange them into band heads suggesting their origin 
in the formation of a new type of molecules other than those giving rise '|.o 
known absorption bands. ' 

§ 2. EXPKRIMl'^N'J'AIv. 

'riic e.xperinienlal arrangement was one of the usual type. The vapour was 
allowed to be formed in a steel tube (about 22 inches long w ith an internal diameter 
of one inch) with quart/, plates attached to its ends with pitch, the ends being 
kept cool by circulation of cold w'ater through jackets provided at the ends. 
The tube was heated electrically whereby its temperature and hence the 
inessurc of the vapour inside could be easily controlled, rressurcs wei'c varied 
upto 25 cm. of mercury. Photographs were taken in the second order of a fifteen 
foot concave grating giving a dispersion of about i'2 A" per imii. in the 
regions studied. As the source of light, the positive crater of a carbon arc 
running at a curi'ent of 10 amperes from 220 volts mains w'as employed. Ex- 
posure given in each case was from 4 to 5 hours. 

]\Ticrophotometric curves of the lines w ere taken wdtli a view' mainly to 
ascertain their structure and the wave-lengths of the lines were measured from 
positions of maximum intensity of absorption. 


§3. RESULTS. 

Photographs were taken from X 4100 to X 2800. At lower pressure the 
associated lines were very few in number as previously recorded but when the 
pressure was raised above 20 cm. of mercury (temperature above 6oo'’C.) more 
lines appeared both on thershort and long wave-length sides of the principal series 
lines. This was specially marked in the case of the fourth, fifth and sixth members 
of the principal series lines. The lines were diffuse and without any associated 
fine structure and were considerably broad. This was verified by taking micro- 
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photometric records of the bands at \K 3218, 3103 and 3035. A slightly lower 
pressure was found sufficient to photograph the lines associated with A 4047 and 
A 3447, since at very high pressures the principal series lines as well as these lines 
became so broadened that they overlapped and the continuous background became 
too weak to give a good contrast. One interesting result obtained hi repeating 
the experiment was the discovery of a new ultra-violet baud with its associated 
fine structure extending from A 2890 to A 2950. This band was observed at 
a pressure above 20 cm. of mercury. At pressures beyond 25 cm. there ensued 
a continuous absorption of the ultra-violet region stretching ui>to the blue-violet 
l)auds. Wave-lengths of the diliuse baud heads are collected in table I. 

Table I. 


A. I. A. 

(corrected to vacuum) 

V 

Rumakks, 

/Io25'6 

24834 

Assoriatod with the 2iid 

iiK jnher of the priiinpal 

3/162 -.1 

28882 ' 

fibsorpl ion line. 


291 oS 


3232V) 

3094 T 


3228*7 

30972 

Associated w'itli the 3rtl 

ineiiilier of the pviurijial 

3^25*1 

31007 

absorption line. 

3222*1 

31036 


3218-5 

31074 

w 

32i5'3 

31101 

Associated w'ith the 4th 

ineiiiber of the priuciiial 

3209*2 

31160 

absorption line. 

3206*1 

31191 


3iiJ‘5 

32139 


3108-5 

32170 


3107-5 

33180 


3106-7 

32 i 8 () 

Associated with the 5th 

meinher of tlie principal 

3105-0 

32206 

absorption line. 

3102-9 

32228 


3101-8 

32239 


3100-7 

32251 


30985 

i 32274 

1 


3097-3 

32287 


3093 ’8 

32323 
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Table I — (Contd.) 


X I. A. 

(corrected to vacuum) 

V 

Remarks. 

3044-2 

32849 


3041 '7 

32876 


3041 ’2 

32882 

Associated with the 6th 
member of the principal 

3038'9 

32907 

absorption line. 

3037*4 

32923 


3030*1 

32937 


3035’5 

32944 


3033*4 

32966 

\ 

3031*3 

32989 

1 

2994-7 

33392 

Associated with the 7th 

2993 '9 

33401 

member of the principal 

absorption line. 

2993 ’3 

33408 


299^*5 

33429 


2966*8 

33706 


2965*1 

33726 

Associated with the 8th 

member of the principal 

2963-1 

33748 

absorption line. 

2962*0 

33761 


2948-8 

33912 

Associated with the 9th 

2945*6 

33949 

member of the principal 
absorption line. 

2942 7 

33982 


2930*3 

34126 

Associated with the loth 

2929-7 

34133 

member of the principal 
absorption line 

2927*3 

34161 


2917'6 

34275 

Associated with the nth 

t* 

t 

member of the principal 

2915'6 

34298 

absorption line 

Associated with the 12th 

2907-3* 

34396 

member of the principal 



absorption line. 


+ Ivines corresponding to still higher members are omitted since they are too faint to 
give tiny accurate wavelength mcasurementp 


A tentative scheme of classification of these band heads are given in table H. 
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Table II. 

A. Bands at A 3218 (corresponding to the 4th meinl)er of principal series). 



0 


I 

n' 





30972 (6) 

31 


0 


30941 (8) 


69 

39 

66 

I 

31036 (2) 


31007 (4) 


6.S 


67 


31101 (3) 

27 


2 


31074 (i) 


5 Q 



3 

31160 (5) 


— 


— 


31191 (7) 


B. Bauchs at A- 3103 (corresponding to the 5II1 member of the principal 

series). 


n 

0 




2 

3 

n' 







0 

32180 (6) 

41 

32139 (10) 





48 

39 

50 

32189 (4) 




I 

32328 (i) 





46 

35 

50 

33 


.36 

2 

32274 (7) 

32239 (3) 


32206 

(2) 32170 (8) 


49 

36 

48 

32287 (9) 

36 

45 

( 5 ) 


32323 (11) 


32251 
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TapIvE II—(Contd.)- 

C. Bands at A 3035 (con csponding to the 6 tb jiiembcr of the principal 
, series). 



2 


32923 (4) 


Paiitls arc nunibc-rcd (i), (2), (3), etc., in order of degrading intensity of absorption. 


§4. DISCUSSION. 

The possibility of the classification of the lines into regular band heads 
definitely suggests their molecular origin and the nature of the classification 
indicates that in the lower fundamental state there are practically two energy 
levels while in the excited state there arc some four or five levels suggesting a 
more rigid binding in the excited state than in the fundamental state. The proxi- 
mity of these lines to the corresponding lines of atomic absorption can only be 
explained by a loose type of molecular formation, as conceived by Franck, arising 
out of Van der Waal’s forces between the constituents— which are atoms in the 
case of monatomic gases. 

( )ncc admitted that owing to loose molecular formation the potential energy 
curve provides a minimum, and since the heat of dissociation of such polarisation 
molecules is of considerable amount, it is not difficult to picture that within the 
hollow of the potential curve which may be of sufficient depth, there may be exis- 
tence of vibration levels « such as are required to understand the appearance of 
these band heads. The only thing that lias to be seen is that the numlxjr of 
levels so pictured does not make the vibrational energy of the system exceed the 
energy of diseocittlioi:. 



New Type of Absorption Bands of Potassium Vapour f6t 

The heat of dissociation of such loose molecules of potassium iu both the 
states may be of the order of '05 volt, i.c., 405 cm~^ so that in the scheme of 
classification adopted above, this condition is easily realised. 

The rotationless structure of the bands is also intclliRible ; for, the want of 
rigidity in the system may easily be regarded as the cause for the system having 
a vibration without any accompanying rotation. One point to be decided here 
is whether these lines should be observed in emission. As to this it may be 
pointed out that the excited state is not very stable and besides, the heat of 
dissociation of the molecules in the excited state may be only of the order of ‘05 
volt so that the life of the molecule is extremely shortened since t hi' molecules 
get dissociated by suffering collisions with other molecules (the thermal energy 
of the Kg molecule at a temperature of 6oo”C. is of the order of '25 volt) ; hence it 
is very likely that these bands will not lx; observed in emission. Hands corres- 
ponding to tlic second and the third meml)er of the irrincipal series have not been 
sufficiently developed, as at the pressure at which the Van der Waarsiorccs become 
sufficiently operative, the corresiiondiug atomic lines broaden and extend on both 
sides masking the appearance of the band lieads. 

Bauds corresponding to the higher members aie also ill developed probably 
because of the dearth of poijulatiou iu the corresiionding higher atomic states. 

In conclusion, 1 wish to ex|)ress my grateful thanks to Prof. S. Datta for 
helpful criticism during the course of the work. 


SUMMARY. 

(1) Absorption spectrum of potassium va]rour has been taken at veiy 
high pressures and tempeiatures (temperature 6oo"C. and pressme > 20 cm. of 
mercury) from A 4100 to A 2800. 

(2) Each principal series line from A 4047 to A 2804 is found to be associa- 
ted with diffuse lines both on the short and long wave-length sides. The lines 
corresponding to the 4th, 5th and 6th members of the principal .series are large 
in number and they seem to form a regular series of baud heads. A probable 
explanation as to tlie origin of these band-heads has lieeii offered somewhat on 
the lines outlined by Kuhn, Winaiis and others. A tentative classification 
is given. 

(3) Microphotomctric curves do not reveal anything as to lire structure of 
these Ihies. It is clear from these curves that these bauds are without any fine 
structure. 

(4) A new ultra-violet absorption band extending from A 2950 to A 2890 
has been observed at pressures beyond 20 cm. of mercury. 


PHYv^lC.^L RESKARCII I/ABOKATORY, 
PRICSIDENCY COELEGEi CaI^CUTIA* 
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ON THE ABSORPTION SPECTRUM AND THE GROUND 
STATE OF THE Ce IV ION * 

By S. Datta and Manindra Mohan Deb. 

Plate XII. 

(Received for publication, March loth, 1936.) 

ABSTRACT. The ultra- violet absorption spectra of different solutions of CeCla have been 
investigated with a Ililseh double monochromator to determine accurately the positions 
of the absorption— maxima and their intensities and to test if the absorption bands are due 
to transitions taking place from the ground state or from any excited state to a higher 
metastable state. The probable ground state of the Ce TV ion has been discussed in the 
light of accumulated magnetic and spectroscopic data and the views of spectroeopists that 
the ground slate is a sd state have been criticised. It seems reasonable to suppose that the 
ground state is a 4^F state and the absorption bands in the ultra-violet region arise from 
transitions 4®F — 5^n, the state being further split up by the inhomogeneous crystalline 

electric field, a view which has been previou.sly put forward by Freed. 

In recent years there has been some controversy regarding the ground 
slate of the Cc IV ion and the nature of the spectroscopic transitions that give 
rise to the absorption spectrum of the ion in the ultra-violet region. The absoip- 
lion spectrum of CeTV ion was first investigated by Bose and one of us^ with 
a quartz spectrograph, and two absorption bands at 2970A and 2525A, and later 
three more at 2380A, 2225 A and 2105A were observed in vSohitions of CeClj^. 
Freed working with cry.slals of cerous salts, pure and diluted with other 
isoiiiorphoiis salts, observed absorption bands at somewhat similar positions and 
also noted considerable shift in tlic position of the absorption bands with change 
in temperature or nature of the anion, in certain cases of the order of a few 
hundred wavenumbers, in contradistinction to the small wave-length shifts {c,g, 
6cnr^ in the case of Gd' "■") in the case of other rare earth salts under similar 
conditions. The results of Roberts and Wallace*'^ who studied the absori)tion 
spectra of aqueous solutions of 062(804)3 arc in perfect agreement with those 
of Bose and Datta, though these latter workers or Freed could not detect Uie 
absorption band at 2 105 A, probably due to the rapidly falling intensity of the 
continuous source in that region. 

In view of certain discrepancies between the interpretations offered by 
different workers regarding the origin of some of the absorptiem bands in the 
ultra-violet region, and also in view of the variation in position of some of the 
bands under different conditions, the present investigation was undertaken to 

* Read before the Indian Physical Society on aist September, i 935 - 
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study the absorption spectrum of Ce IV ion more carefully in a manner so as (t) 
to find the exact position of the absorption maxima which cannot be accurately 
determined with a spectrograph when the bands are fairly wide and diffuse, as 
in the present case (ii) to lest if there are any fine structm-e in the bands, (Hi) to 
determine the intensities of absorption directly and accurately, and finally, (iv) 
to test if the absorption bands are due to transitions taking place from the 
ground state or from any excited state to a higher metastable state- 

EXPERIMENTAL, I N V E S T I G A T I O N vS . 

In the present investigations, absorption measurements in different solutions 
of cerous salts have been carried on with a Hilsch double monochromator, the 
details of the working of which are given in papers by Hilsch and Pohl.* 
Eight from a tungsten-steel si)ark (run by a zjokv induction coil), which serves' 
as a fairly intense and perfectly steady source, passes through a prism and the 
Spectrum falls on a fine movable slit. The spark spectrum of tungsten-steel consists 
of a very large number of lines of great intensity in the ultra-violet region and 
with this source it has been possible to inve.stigatc the absorption spectrum in 
the ultra-violet region up to a.35oA. By adjusting the position of the movable 
slit a very narrow j)art of the spectrum may be sorted out and this, falling on a 
second prism, is further disvicrsed. This second spectrum falls on a second 
movable slit and by adjusting the position of the latter, an almost i)erfectly 
monochi'omatic narrow beam of light can be obtained. The apparatus is cali- 
brated with a Hg-arc lamp, and then for any position of the slit, the wave-length of 
the monochromatic beam obtained from the source is known. Two (juartz absorp- 
tion cells of exactly the same dimciisious, one containing the solution of cerous 
salt and the other the pure solvent, were placed consecutively in the path of the 
narrow beam falling on the photocell and the intensity of the light transmitted 
was measured in each ca.se by observing the rate of deflection of the string in 
the Woulf’s electrometer connected with the photocell. ]\Tcasurcments were 
carried out with the above arrangement with solutions of CeCla in water, 
ethyl alcohol and concentrated solution of HCl. 



Figure 3. 
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The results arc plotted in the adjoining curves (figures 2, 3 and 4), which 
show the percentage of absoriitioii for dilTerenl wave-lengths in the ultra-violet 
region. The position of the absorption maxima in the different solutions as 
obtained from the absorption curves are given in table 1 . For purposes of com- 
parison, in table II are given the positions of the abvSorption bands observed in 
solutions and crystals containing Ce IV ion by Bose and Dalta, Freed and Roberts 
and Wallace with quartz spectrographs. Microphotographs of the absorption 
spectra of CeCl 3 solution in water as obtained by Bose and one of us is also shown 

in figure i (a, b, and c), 

* The solution was not absolutely free from water. 
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Table II. 


Ultra-violet absorption spectrum of Ce IV ion in solutions and crystals. 

(Quartz spectrograph) 


Author. 

Substance. 

Solvent. 

Concentration. 

Centres of absorption 
bands (in X) 

Bose and Datta 

CeClj 

water 

■7% 

2970. 

» 

ft 


■035% 

2525, 2380, 2225, 2105 

Freed 

Ea(Ce)(C 2 lIsS 04 ) 3 . 9 ll 2 O. 

1 ijart Cc in 50 
parts Da 

-565, 2380, 2200 

1 

>1 

L,a(Cc)Clo, 6HjO 

1 part Cc in 10 
parts La 

3020. [ 

ft 

If 


1 part Cc in too 
parts La. 

2575, 2 / 155 , 2300 

RobertvS and Wallace 

Cc2 

water 

‘ 49 % (2 cm. cell) 

2960. 


ft 

If 

'047% (i cm. cell) 

i,'54u, 2(100, 2230 


DISCU.SSION OF REwSULTS. 


From the results given in table II, it is evident that the centres of absorp- 
tion bands in aqueous solutions of CeCls observed with the quartz spectrograph 
agree fairly well with the maxima as found with the double monochromator, 
though the last two absorption bands could not be detected by the latter, 
owing to the rapidly falling intensity of the spark lines of tungsten-steel beyond 
2300A. It is also remarkable that the position of the bands observed by 
Bose and one of us with CeCly solution, by Roberts and Wallace with 002(804)3 
solution in water and by Freed with ciystals of Ua(Ce)(C2H5S04)3, 9112(1 agree 
fairly well considering the width and diffuseness of the bands. On the other 
hand the position of the bands are fairly displaced with respect to the above, 
both in the case of CeCls solution in cone. HCl solution and in crystals of 
L,a(Ce)Cl(i, 6H2O and there is again fair agreement in the position of the bauds 
in the last two cases. 

Before discussing in details the significance of the above results, we shall 
briefly review our present knowledge regarding the ground state of the Ce IV 
ion. It has been held by spectroscopists that the ground state is a 5d rather than 
a 4/ state, but this view is in entire disagreement with the electron assignment for 
the Ce IV ion according to itund, which is as follows : 


4/ 

i 


5S 


5P 
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Sd 6s 
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Fijjure 1 

Microphotometric records of the absorption spectra of C0CI3 soln. 
in water. 

<a> Band at 2970A < The sirucTure is due to emission lines in the 
continuous source >- 
<b) Hand at 2 52 5 and 2380 A 
(c> ,, ,, 2ZZ5and2105A 
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The above distribution gives a 4^F term and this view is well supported by the 
large amount of magnetic data available from measurements on crystals and 
solutions of ccrous salts, there being a perfect agreement of their magnetic 
moments with Hund’s calculated value and close conformity of the tem- 
perature variation of susceptibility with Curie’s law over a large range of 
temperature. 

The spectroscopic evidence is an extrapolation from the spectra of Cs I and 
Ba II. By plotting the term values on a Mo.seley diagram, f'.ibbs and Wliite’’'^ 
conclude that in the sixth period the 4®F line {corresponding to an electron in 
the 4/ shell) will eventually cross the line (corrcsi)onding to an electron in 
the sd shell) even though in going from Cs I to Ba 11 they diverge from one 
another. If the term values of 4 ^Fs 7 levels given by Bascheii and Gotze® are 

correct for Ba II,* then w’e should expect that these F and D lines would not 
cross before Ce IV is reached and that therefore the first electi on bound to the 
stripped atom of Ce is a electron. But such an extra] lolati on should not be 
valid in the case of Ce IV ion, because from a comparison of the electi oiiic 
structures of Ce IV with stripped atoms like Cs I, Ba IT, etc., it is evident that 
the optical electron is entirely of a different nature in Ce IV as it is 
situated in the interior rather than exterior of the atom as in Cs I or Ba II, and an 
extrapolation to compare states located in different potential valleys, cannot be 
valid. 

Gibbs and White® and later Badami'^ have investigated the spark spectra of 

cerium and a doublet wdth wave-lengths 2778S. and 2456-^ has been ascribed to 

the transitions 6^Pj 3 in the Ce IV ion, as according to these workers 

2 a» 2 

the observed and calculated values of the doublet separation seem to agree. 
But here also the calculations arc invalidated, as the screening constants used 
in their calculations (obtained from X-ray data, viz., cr = 34) is for 4/ and not 
6s electrons. From what has been said above, it a]ipcars that there is consider- 
able uncertainty about the spectroscopic evidence concerning the ground state 
of the Ce IV ion. On the other hand, the magnetic evidence is quite definite 
and it cannot be doubted that under ordinary conditions, at least in crystals and 
solution of cerous salts, the Ce IV ion is in the 4-F state, and while trying to 
interpret the origin of the absoriJtion bands observed in cerous salts, we shall 


• Indeed, in a recent communication, Lang^ has remarked ; 

" It .seems at present that there must be something erroneous about the F terms of Ba II 
and these should be carefully investigated again " 
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lake lliis as tlie ^^roluKl stale of the Ce IV ion, as lias been done jircviously by 
Bose and one of us and P'reed.’’' 

In rare earth ions, the absorption lines mainly originate from transitions 
betw-en different quantum states of elcclrous within the 4F shell and as the 
optical electrons are shielded throughout from perturbations of their neighbours 
by the outer closed octet shell (5.S', 5/>), the absorption lines are fairly sharp and 
narrow and their iiositions are not affected by thermal change or nature of the 
surrounding neighboiU'S- Tu the Ce IV ion there is only one electron in the 
inner shell and therefore the possibility of inter-condiination lines due to such 
inner transitions is very limited. The doublet separation between the two 4”!'' 
states is of the order of 1000 cm“^, and though there can be some more decompo- 
sition of the ground state due to the crystalline electric held, there cannot be any j 
state with largely dilfercnt value, since in that case there woidd be 110 c'onfonnity 
with Curics’s law over a wide range of teniperatttre as has been experimentally 
found. Any absorption spectra due to transition between different states within 
the 4J'' shell should thus lie in the far infra-red region and no ab.sorption either 
in the visible or ultra-violet region is to be anticiijated . It is due to these consider- 
ations, perhaps, that though all the rare earth salts have been fully investigated 
so far as their absorption spectra are concerned, the absorption spectra of cerous 
salts were not particularly investigated until the recent works of Bose and one 
of us and Freed. 

The remarkable similarity in the characteristics of these absorptiop bands 
with those of salts belonging to the iron groiqr, whose behaviour has been elabo- 
rately discussed in a recent coumiunicatioii,^® viz., the wide and diffuse character 
of the bands and the remarkable change in their position under different condi- 
lion.s, at once suggest that in the case of Ce IV ion also the absorr-tion must be 
due to transitions to outer shells, which arc exposed to the large influence of the 
surrounding ions, molecules, etc. Moi cover, the intensities of the bands (which 
arc very large except for the lust absorption band at nearly :^oooX) also .suggest 
that the transitions concerned should not be foibiddcn by the ordinary 
selection rules. The above considerations are in suppor t of the conclusions of 
Bose and Datta and P'reed, who attributed the first two absorption bands to 

transitions — As for the other absorption bands in farther ultra- 

ti " '2 2 

^ Further (‘vidence coneerriiug the groimd state of the CelV ion is also obtained from the 
recent magnetic rotatory dispersion data for cerous salts in solution by Roberts, Wallace and 
Fierce ^ who definilel}’ conclude thi*t throughout the wave-length range 578oA“33/]iS, their data 
agree Avilh the calculated values by taking into account two absorption bands due to 

r. n transitions as given by Bose and Datta, so that the ground state is and 

i a 

not 



Absorption Spectrum and Ground State of Ce IV Ion 169 


violet region, Bose and Datta assigned transitions s"P3,:i -6®Pn,, , which corres- 

pond to certain emission assignments by Badaini^ but stand in contradiction 
to Freed's interpretation of their origin also as due to transitions the 

latter state being further split up by the inhomogeneous crystalline electric held 
as postulated by Betlie.^' This point has been further tested in the ru'esent 
investigations. In the spectrographic method of recording the absorr)tion spectra 
a continuous radiation falls on the absorbing substance and after passage through 
the same is examined with the spectrograph. 'I'he absor])tion bands obseived 
may arise from tramsitions from the ground stale to a higher slate and also from 
transitions from the latter excited states to still Iiigher metastalde states. In the 
case of a monochromator, in place of continuous radiation only monochi omatic 
radiation falls on the absorbing substance and the intensity of absorption for each 
single wave-length is separately measured, so that only the absor])tion bands 
which arises out of transitions from the ground state to some higher excited 
states arc detected, whereas no absorption bands will be observed corresponding 
to transitions from any excited state to a higher metastable state, since there 
is nothing initially to excite the ions from the ground state to the required 
excited states. As will be evident from table II, strong absorption bands with 
maxima at nearly 2400 A. are found in various solutions of CeCl;) with the double 
monochromator. This is in contradiction to Bose and Datta's assignment of this 
absorption band to i transition, as it mmst be due to a transition from 

the ground state- Unfortunately, no suitable source is available which can give 
ultra-violet radiations of sufficient intensity in the region 2200S, so tliat the above 
test could not be applied to the last absorption bands, but considering the fact 
that the intensities of these latter bands also are very large and of the same order 
as the bands at 2525A and 2380A, there is no reason to ascribe them to a different 
type of transition from an excited state, roc., 5^!):, — 1 . These considera- 

tions seem lo coufinii Freed’s suggestions that all the absorption bands in the 
ultra-violet region originate fioin 4 “F — 5^/7 transitions. Tlicoretical works of 
Bethe 2 ' Van Vlock and his collaborators*’'* show that a suitable crystalline 
field may cause a sjilitting up of the 5"i.l stale, the separation being of the order of 
.several thousand wavenumbers, so that Freed’s cxplaiiation seems lo be plausible. 
Other alternative transitions, c.^., ^F — bD may also be responsible for absor])tion 
bands in the ultra-violet i-egion, but in such ca.ses the intensities ought to be 
considerably less. 

'I'he considerable change in position of the absorption bauds as seen from 
table II is easily explained from the nature of the higher metastable slate 5 ^/ 7 , 
which is exposed to the perturbing influence of the immediate neighbours, so 
that the absorption bands are expected to behave like those of salts of the iron 
and not of other rare earth salts. One point, however, deserves special 


group 
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mention. The po.sitions of the bands in crystals and aqueous solution of CeCls 
and 063(804), 1 agree fairly well, while those for the Iva(Ce)Cl6, 6H2O 
crystals and CeCl 3 solution in cone. HCl are shifted towards the longer wave- 
length side, though there is again agreement between the latter two cases. This 
indicates that it is not the negative ion which primarily influences the position 
of the absorption bands. In a recent communication, it has been shown that 
for ions of the iron group, there is a considerable shift in the position of the 
absori)tion bands when the absorbing ions are surrounded by polar molecules, 
g > H2O and when they arc surrounded by Cl“ ions with which they form close 
interaction ; tlius the absorption band is always on the longer wave-length side 
in solution of Coda in HCl as comi)ared with those in aq. solutions of CoClo, 
CovSo^, etc. Recent work with mixed crystals of MgC]2, C0CI2, 10 H2() hjis 
shown that these crystals give absorption bands in the same position as Codls 
solution in HCl, as in those crystals probably some of the H2O molecules 
surrounding the Co' ' ion is replaced by Cl~ ions. The case of Iva(Ce)Cl(j, 6H2V 
and CeCbi solution in cone. HCl is another interesting illustration which ilp 
easily understof)d in the light of the above explanation . \ 

In concliusion the authors desire to express their grateful thanks to Prof. 
1 ). M. Bose for his kind intei'est in the work. 


Vaut Pi-rvsiCAi, IvAdokatorv, 
UNlVIiRSll'V CoWiGlv 0|f SciKNCn, 
CuCUTI'A. 
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SPECTRUM OF DOUBLY-IONISED ZINC* 

By K. C. MAZUMDER 

Bose Research Institute, Calcutta 

ABSTRACT. An exhau, stive experimeiilal investigation of the spark .spcctruin of zinc has 
l)ccn made, the range of speetrmn covered extending from A 2600 to \ /lod, I'he lines corres- 
ponding to different stages of ionisation have l)een .sorted out by introducing inductance in tlie 
.spark circuit. 2:13 new Hues of Z11 IIJ have been cla^sijicd indenliJyiiiQ new laws which 
consist (>1 31/8 5s, (ind l^ari of ejs ,]p terms. The term values have liccn calculated 

by means of the ,1 ':-/]/) and 4/)-55 groups of lines. The value obtained for the deepest term 
^d’^bSo is J24i('5 cm ^ which corre.sixmds to an ionisation potential of about 40 
volts. 


§1. INTRODUCTION. 

Til a rmint issue of this journal S. Basii^ published a paper 011 the above 
subject. 'I'he present writer has been working on the spectrum of /.iiic at diflerent 
stages of ionisation and other isoelectronic spectra for the last few years. A full 
account of his work on Zn IT and Zn 111 will soon be published in the 
Transaction of the Bose Research Institute, Calcutta. The major part of the 
data regarding these spectra has been obtained by experinieuts carried out in 
I’rof. Fowler’s Taboratoiy in Rondon and in Prof. Siegbahn’s laboratory at 
Tlpsala, Sweden. An attempt has also been made to include the data — 534 Zn 
ITT lines imblished by Bloch‘S — In the present analytical scheme. Though 
classification can be assigned to about 150 lines— in addition to 27 lines included 
in this paper and the wave numlK-rs of which arc difference of terms obtained 
from writer’s own data~it has not been thought advisable to publish this 
part of the classification when by far the greater number of lines remain un- 
accounted for. 

Basil has been rather bold in publishing his paper, in which classification 
has been attempted for only 100 lines out of 534 lines given by Bloch. Of these 
100 lines, 48 have been found to lie due to transitions between dp and /\d terms 
and the re.st, though they give characteristic differences of the 4P terms, have 
remained undcsignated. 

* Comnmnir.ited by the Indian riiysical Society. 
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The transitions between /[p and 4d terms will give rise to 123 lines. The 
fact that Basil could get only 4cS liiiCvS though the available lines numbered 534, 
shows clearly that the region selected for 4p-4d group was not the real one. 
The justification for this choice of region v\’as attempted by applying the irregular 
doublet law to the corresponding data for Ni I and Cu IT. It seems that Basu 
has taken the data for Cu TI from “ Atomic energy States*' by Bacher and 
(loudsmit who made tLse of some unpublished materials of Sheiistone. The lattei 
probably did not publish them in any scientific journal because they were of 
doubtful value. 

By an extension of the method of horizontal comparison of Saha and 
Majumdar,'Mt can be shown that the region concerned lies near about 70,000 
cni”^ and this is the region found in the present investigation. I 

There is aiiotlier serious defect in Basil's iiaper. He found that the termsi 
were decider tlian the 4P terms. 'I'lie term values given in Taportc'^ and Lang's^ 
l)aper are relative-” 3d' ‘Miaving zero as its value. On this basis the /^jd terms 
should have larger immei ical values than the /\p terms whereas Basil found them 
less. 

In the combinations ““4d 'Po and /\p '7)2”/|d '"Po tlie selection rule 
for 7 has been violated tu ice. It is not ]»ermissil) 1 e to introduce such violation 
especially in so incomplete an analysis as this. 

The following is a brief account of the present author's investigation regard- 
ing the Zn III spectra and the results obtained thereby. 


§ 2. nx PKK I MKNTAh. 

As mentioned abiwe the experimental part of the investigation was carried 
out in lyondon and at rii>sahg Sweden. In the imperial College, London, the 
pliotograi)hs of the zinc spectrum were taken with quartz si^ectrograph and the 
vacmiin-gratiiig spectrograi)h, the source lieing a strong condensed spark in 
hydrogen or air. In the Physical Laboratory at Ui>sala two ‘'grazing incidence'* 
spectrograjdis were used. Tlie source enii)loycd there was the hot spark. 
Ihe range of spectrum covered by the i>hotograi)lis is from A2200 to A400, 
the dispersion varying from 5'7i A per mm at 2200 A to 2*83 A per mm at 
400 A. 

§3. CTvASftiFI CATl ON. 

Since doiildy-ionised zinc is isoelectronic with singly-ionised copper and 
neutral nickel, a general similarity of the three spectra Zn III, Cu II and Ni I is 
to l;>e expected. In accoi dance with Hund's theory, the triplet and singlet 
terms arising from the atom in the unexcited and various excited states 
may conveniently be ie])resentcd as in table 1 which indicates the types 
of terms arising from the more important configurations shown on the left, 
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Tlie linCvS ron usiioiidin^ witli llic possible coiubinutions of llie first three 
rows liave already been measured and identified l)y lyaporle and l/ine,- In the 
course of tile presen I investigation all the terms shown in the foiirlli ami fifth 
rows and a part of tlie terms arising out of the eoniiginatioii, 3^^ .psvi/?, have 
been identified. 'Hie terms and 3r/^ 4s 4]) for Ni 1 have been found''’ to 

give very bright lines in combination wdth the 4/^ and 4s terms respec- 
tively. No traces of these lines have, however, been found in the case of Cu 11^', 
though the si)ectrum w^as excited by the very powerful method of hollow 
cathode, Nickel being in the transition period, its normal configuration is 3^/^ 
4.V®. When excited it gives besides the terms 3c/’^ the terms 

as can be expected from its normal configuration. The partial appearance of 
these lines in the spectrum, Zii III, is due to the fact that the liot si)aik used for 
exciting tlie spectrum Avas very j)ow"erful, longer exposures would, perhai)S, have 
brought out the fainter lines not obtained in Ihe present investigation. 

There can be no doubt that the strong grou]) of lines, AA 1‘^39 -t.. 132 has been 
correctly classified by Laporte and Lang as arising from llie cojiibination of the 
4s group of terms w ith the 3d'' 4P group. The lines occur in the region 
which is to be cxp)ected from a comparison w itli the corresponding grou[)S in tJic 
isoeleclronic spectra Ni 1 and Cu 11 , as shown by J^aporte and Lang in an applica- 
tion of the irregular doublet law. Thus, we hvc 
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where the Av’s are in the usual order of agreement in such comparisons. 
JMoreover, the terms of Cu II and Zn III are arranged in the same order of 
magnitude and Av’.? in the components of triplets have the same sign, namely, 

it . • t f 

negative . 

Tile expected ix\i^ions for the groups of lines were in the 

nuij.^Iil)ourliuod of t]S’4p group. On cxaininiiig the lines just below the .4 
^rou]), a large nuniber of diilcTences characteristic of the 4P terms have been 
f)btained. It has been iiossible to arrange the lines as due to the combinations of 
4P terms with the 5^' and terms. 

The two grou]is of lines appearing between AA 600-500 and giving differ-^ 
eiiccs characteristic of 4s terms, were first thought to be due to the combinatioiisj 
of thu 4s group with two groups of np terms in the light of the grouping of thc^ 
4p terms as far as possible. It has, however, been found that these two groujis 
are too close to permit of their being united in a Kydbcrg seciueiice of up terms 
with tlic 4p terms already known. Moreover, the exiiected region for 4S-5P group 
is ill the ncighboLirliood of A 630. There are only a few Zn III lines in this 
region and it has not been possible to identify the 5^ terms by means of llieni. 
The other alternative for accounting for these lines is to arrange them as due to 
tile combination of 45-teriiis with the terms arising from the configuration 
4s 4p. The configuration is olitained by adding one [/’-electron to the configura- 
tion ^|.v giving the terms ^fS 67 _)), The terms belonging: to 3c?^ 

4s 4p, Mhich have been found in the case of Ni 1 to give bright lines are the 
terms ^"'^(DFG) and arising from t^f ?,d^4s. It has been possible 

to identify the terms ' ’’TDT'G) and for Zn III. vSoine of these terms 

are jirovisional on account of absence of corroliorative combinations- 

Tho tenus 3,d^4s^ ^ [SGD) 'HPF) for Ni 1 liave been found to give very 
bright lines by combining with ^''^(PDF), but they have not been located 

for Zn III. The transition concerned being a doul’le electronic one, the 
lines are perhaps too faint or may lie farther in the region of long wave-length 
not investigated in the present work. 

The 4S-4P and 4 p-s^ groups of linCvS having been located, it has been 
jjossible to calculate tlie absolute term values by means of a simple Kydbcrg 
formula. 

The value for 4.V term is found to be ::463oo cm“^. This places the 
deepest term ^So at 322^405 cm“^, the corresponding ionisation potential is 

about 40 volts. It may be noted that the value for the 4^' term suggested 

by Taporte and Tang by extrapolating the corresponding values for isoeleetrouic 
spectra Ni I and Cu II, is 247000 crn”^. Thus the agreement is very close. 
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COMT’ARIvSON 01-' THE THREE IvSOELECl'RONlC vSTECTRA, 

Ni I. Cn II AND Zn III. 

It is of interest to compare the term value of the isoeleclronic s])eetra Ni I, 
Cu II and Zii III as in the following tables: — 

The values of the 5.S* terms. 


='D,i 


31)2 


31), 



Ni I 18973 

(184) 

18789 

(1322) 

17467 

(J5i) 

17316 

Cu II 55626 

(321) 

55305 

(1749) 

5355'* 

(282) 

53274 

Zii III 109520 

(462) 

1 09058 

{2322) 

^o673^) 

(1S5) 

JOO55I 


The figures for Ni 1 have been taken from Russel/'' and those for Cu II 
from Kruger.^ 

It will I)e seen that the separation of the terms have s^steniLitirally increavSed 
with the nuclear charge excepting i'^D\ ““ uhich although of the same (ader 
of magnitude, is less than what is to be exjjected for Zn 111. 

Separation of the triplet I)“tenii. 



45. 

3^3 



(1.2) 

(2.3) 

(1,2) 

(2,3) 

Ni I 

833 

•>75 

1322 

18/1 

Cu IJ 

1151 

918 

1749 

321 

Zn III 

157ft 

1 178 

2 ^22 

462 


The above figures show that the difference, has inci eased with the 

quantum number whereas has decreased. U'he total separation has, 

however, remained the same. It is evident from this that the separation of the 
gi'ound forms, 2 of Zn IV will approximately be {(1576+ 1178) + (2322 + 

462)} -f- 2 or 2769 cm."^ 

In figure, i, the Moseley diagrams for the terms 'So, 3^^ /\s 4P, 

■"'Da and 5s for the three isoelectronic spectra Ni I, Cu II and Zn III are 
drawn. The figures for Zn III are based upon 4s '^113== 246300 cm-^ calculated 
from the data obtained from the present investigation. The curves corresponding 
to the terms 45 and 4f> run fairly parallel. All the curves bend slightly 
downward with increasing Z ; the bending is very small for the terms 4f? 
and 55 

In table TI the wave numbers of the lines classified as due to the combina- 
tion of and 55 terms arc given. For completeness the {4s— 4P) group of lines 
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given by lyaporte and Lang is also included. The 
iigure.s just above the wave numbers indicate the 
intensities. The term values written near the res- 
pective terms arc those obtained by the author. 

In table III arc given the designations of the 
terms and the corresponding values ; in table IV, the 
wave-lengths, w'ave numbers, intensities and classi- 
fications. The lines against which the letter " 
has been written arc those classified by Lafiorte and 
Lang; the wave-lengths, and wave numbers for those 
^incs are also those given by these authors. These 
figures are .slightly different from tho.se obtained |iy 
the picsent writer, the wave nuniliers differing by\ 5 
or 4 units. The letter “ M has been written befole 
.some of tile L s. The wave-lengths and wave 
miinliers corresponding (o these arc the pre.sent 
writer’s. 'I'he line, 65 2 ,’5 cm"' (4.S- ^/:>2 -4/1 'V?;.,), 
was not however, found by Laporte and Lang nor 
could they separate the lines, 4,? •Ul;j-4^ •‘Fa and 
4^ '^ 71 , —4/) ‘'Dg- lu the present investigation it has 
been possilile to identify and measure the former 
I- and to separate clearly the latter. 

Moseley diagnun lor Ni 1, Cull, 
and Zii III. 

The Avavc numbers coi responding to the lines hSo ^ and 

4P 'vere larger by 14 units in the work of l.aporte and Lang. 
The values obtained in this w ork and given in table IV are in good agreeiiieiit 
with the term values. 

In conclusion the writer wishes to express liis deep sense of gratitude to 
Prof. A. Kowlcr, K. R. vS. for help in working out tlie analysis, to Prof. M. 
vSiegbahii for jiunuitting him to work in the Fyi^icum of the Piisala Thiivcrsily and 
to vSir J. C. Bose, F. R, S. for permitting him to continue tlie work in the Bose 
Research Institute. 
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Table HI- 

The term values of Zii-III. 


Terms. 


Values. 


Terms. 


Values. 


3^,9 4S Vlii 

„ yi 

h), 

jd® 4/’ ’t'j 

• "S' 

„ 

- 

.. IF, 

.. ’/’a 

^’2 

.. n, 

.. T. 

.. hij 

’''a 

SiC ,S-s- 
.. 'T'a 

.. ’n, 


3 ( 1.2 4 (f 


apj 
3 J -1 
3 i’„ 
2 D, 
3 /), 
37 >1 
37 <^ 
"/•a 
3 Fii 
30-5 

30 :, 

I.S-O 

T, 

h), 

;/:a 


324405 ou 


3(7“ 4X 4/’ {* F ) “D, 


72094 cna"3 


246300 „ 

245122 „ 

243546 .• 

240896 ., 

186529 „ 

18432 s .. 
] 830114 
183070 „ 

183741 

181914 ,, 

179894 , 

179*53 .» 

1 77)900 „ 

1 77-)82S „ 

176477 

178431 .. 

109520 ,< 

109058 ,, 

107)736 „ 

306551 „ 




»» 
f > 
»• 


=/^3 

“Da 

“Di 

“ 7 )o 

'J-'l 

57.3 

5 F 2 

5 /.\ 

^r ;2 

ar;.! 

37)3 

37 ), 

3 F 3 

3 Z*'., 

3 ^;- 

3 g’; 

&r ;:5 


70273 

70666 „ 

68958 

66333 

? 

72118 

71990 
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68770 „ 

? 

? 

72376 M 
71^25 
68104 ,, 

589T3 M 

5*1402 

52301 
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5226Q „ 

? 

60576 ^ ,, 
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3cF 4.V /\p P/') 


48277 .. 
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io5«.S7 i. 
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108929 ,, 

TO3073 ., 
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109284 



46166 


44189 

''F4 

46266 


47081 


46437 

•'‘^5 



50251 


49*38 

^ r >2 

50066 


47657 

i! '<^4 

46801 
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V 

lut. 

B 

3 i 33'45 

31904 

2 

B 

3091 *69 

32335 

2 

B 

3060 '68 

32663 

2 

B, cd? 

55 '06 

32723 

2 

B 

.S9'82 

32887 

I 

B 

35 ' 1 .'? 

32938 

3 

B 

25 ' 3 i 

33045 

T 

B 

24 ‘ 7 ‘'» 

f 33059 

1 

B 

2942*12 

3.3979 

3 

B 

16*24 

34281 

2 

B 

2875-9/1 

34761 

4 

B 

60*07 

349.54 

0 

B 

39 ' 4 i 

35208 

2 

B 

37 ‘47 

35232 

4 

B 

29 'S 4 

.35331 

0 


2786-00 

35883 

1 

B 

68-52 

II ? 36109 

1 

B 

20’83 

36742 

5 

B 

09-44 

IV ? 36897 

3 

B 

2695-84 

.37083 

3 

B 

89-64 

IV?. 37168 

0 

B 

87-82 

IV ? 37193 

I 

B 

84-97 

IV ? 37233 

0 

B 

59 'Si 

IV 7 37590 

3 

B 

04-18 

.38388 

I 

B 

2593-83 

38542 

1 

B 

2265-05 

TI ? 44136 

2 

K 

2144-44 

II? 46618 

1 

K 

38-59 

46745 

2 


Classification. 
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Table IV — {Contd.). 



\ 

V 

Int. 

Classification, 



2o86’54 

47911 

0 

3 (l!> 4 d 3D3- 3^8454/1 3F3 

K 

2039 ’33 

49020 

T 

If 


3 D 3 


197-1 -Si 
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’£> 3 - .. 
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II II 
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3 
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h 
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1 j 
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3 F, 
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8 

II 

’/Jf- 
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1601*62 

62437 
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5 *' 

8 r> 3 - 3 d 8484 /> ’^3 
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62468 

9 

45 


^ 7^3 
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62543 
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5 ^f 

3 Di- 31*84 M/* 

ly 

t598'51 

62558 

8 


8 D 3 - 3 d® 4 /' 

•’Fa 


^S 9 .S'o 7 

62693 

2 

4 d 

3 Pa — 3 d® 4 S 4 /> 


1590*01 

62889 

i 


8Ai- 

8r»2 

ly 

1582 ‘09 
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10 

45 

37)3 - 3 d® 4 /' 

3 F 3 

ly 

t58i‘S4 

63230 

15 

II 

3773- ,» 

3 F, 


1579*42 

63315 

0 
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A 

y 

Int 

Classification. 


1578-46 

63353 

0 

31P s-i 2 D 3 - 3 d* 4 S 4 /> 


1565*63 

63S72 

0 

4 d S.S'j - JDj 

h 

1562 '54 

63998 

9 

4 S ^Da- 3 d 94/' “Di 

h 

1560-83 

64068 

7 +C 

„ .. - „ 

ML 

1553-12 

04387 

3 

^ Jh - 

ML 

1552-87 

64397 

6 

„ 

L 

1552 ’34 

64419 

7 

„ iDa- „ ID2 


W 71 
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> 

5.S S7lj[-3d8 4s 4 p 3 Di 

ML 

1533*15 

65225 
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4 i- 31)2-31?!' 4 p 3 /pj 

L 
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8 

» - „ 9 D* 

L 
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8 
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L 
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6 
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L 
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L 
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5 
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0 
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L 

1 

1491*02 
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7 
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h 
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.. >• 
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(j 
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3 
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8 
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I 
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1 
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I 


L 
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4 
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L 
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i 
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5 
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L 
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1 
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8 

II II 
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3 
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Table IV — {Contd.), 



A 

p 

Int. 

Classification. 


I 4 /| 6 'o 88 

69152 

2 

qp U) 2 “ 4 d "* 6^3 
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69325 

3 

.. iPi- 4 dlD, 


41-492 

69373 

2 
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3 

4 ^ 'Pj 1 
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3 

„ sPa- „ sPa 1 
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3 

.. \ 
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70275 

3 

»i ^^1*“ »» ^^^2 \ 
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70348 

2 

^Pl- >P2 
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4 
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16*234 
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I 

“ 4 d 
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0 

„ »P2-„ SPl 
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70838 

2 

„ 3P3 - 5 s sPa 


09 863 

70929 

I 
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0 

.. ’P* - .. =>Pi 
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71042 

? 

.. ®Pl - 3 p 2 
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4 

IF3 = „ 3 G 3 
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71339 

2 

'P, - .. SFi 
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3 
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00 
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1 
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Classification. 
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,1 1, SPs 


38-968 

74684 

4 

II 5 ^ ’^ 7 , 

(mixed) 

38-652 

74702 

0 

„ IF3- 4d 3 F, 


35 ’843 

74859 

0 

3 D 3 - .. 3F4 


30-924 

75136 


||'P 4 - II “G, 

1 

30-170 

75178 

4 

„»F ,-55 3 A 


/83 


184 K.. C. Mazumder 

Table IV — ( Contd. ) . 



\ 
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Int. 

Classification. 
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4 

3 d» 4 /> */‘- 3 - 3 d» 4 d iji-j 
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j 
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Table IV — {Contd.). 
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Table IV— -(Contd.). 
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Tabi.k IV — (Conld.). 
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ON THE RAMAN SPECTRA OF CARBON DISULPHIDE, 
BENZENE, CHLOROFORM AND CARBON 
TETRACHLORIDE IN DIFFERENT STATES 
AND AT DIFFERENT TEMPERATURES.* 

By S. C. SIRKAR. 

Plates XUr and XlV. 

{Received fill publication, March jMh, 

ABSTRACT. TIjc Raman spectra of carbon disulpbiile benzene, cliloroform and carbon 
tetrachloride liavc been investigated in the solid slate at the teniperatnre of ]ii|in'd air. Some 
new lines in the neighbourhood of the Ray’cigh line have been observed in each case. It 
has also been observed that some changes take place in the intensities, widths and fre- 
quency .shifts of some of the Raman line.s of .single molecules of these .substances with the 
lowering of temperature. In the ease of carbon disulphide, the satellite b/pS cm”* vanishes 
.'ll the low temperature This is .shown to be in confirmation ol the theory put forward by 
Placzek to explain the origin of this line. The properties of .some of the Raman lines 
of benzene have also been investigated experimentally in the licpiid and vapour slates and 
the results obtained for ditterent .states .and at different temperatures have been discussed. 
In the ca.se of chloroform, the twofold degeneracy of each of the lines 26 ; and j6p. is 
observed to be .spilt up at the low temperature. In the case of caiboii tetiachloride, 
each of the lines 760 and 789 becomes very .sharp at the low lempeiature. Ihese lesults 
are disens.^ed from theoretical point of view. 

§ I. I N T R (.» DUCT T 0 N. 

It ha.s been previously observed by the present author that the Raman 
spectra of naphthalene and diphenyl ether in the solid state can be easily 
photographed by using a cry.stalline aggregate instead of single ciystals which 
were used by Gross and Vuks.^ It has also been observed ^ that the pon- 
tious aud I'elative intensities of the new Raman lines of solid naphthalene dis- 
covered by Gross and Vuks depend greatly on the lempeiature of the substance. 
An attempt has been made to study the Raman spectia of caibon disulphide, 
benzene, chloroform and carbon tetrachloride in the solid state and at the tempeia- 
ture of liquid air in the same method as employed in the case of naphthalene* It 
was observed from an examination of the spectrograms that in each case, besides 
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some new lines characteristic of the solid state, the spectrograms also show some 
changes in the properties of the Raman lines of the single molecules of these 
substances with the lowering of temperature. A comparative study of the 
Raman sjjectra of these substances has therefore lieeu made at different tempera- 
tures in different states and the results have been discussed in the present paper in 
the light of the existing theories. 

2. U X r K RIM K N r A ],. 

A quantity of carbon disulphide was distilled in vacuum aiiel the colourless 
pure distillate was transferred to a cleaned pyrex tube w^hich w as finally sealed 
hermetically. The lube was immersed slowly in liquid air contained in a 
tiaiisparcnt Dewar vessel. The liciuid solidified into a semi-transparent mass. 
The Raman spectrum of this solid mass w^as photographed in the usual way,! a 
very dilute solution of quinine .sulphate being used to absorb llie mercury liii^s 
on the shorter weve-leiigth side of A^o47 and thus to prevent ])liotocheniicdl 
decomposition. An exposure of about three hours w as sufficient for recording the 
Raman lines with proper densities on Ilford (1 olden Isozenith plates. The 
Raman spectra of benzene, chloroform and carbon tetrachloride w ere also re- 
corded ill the same way, the same filter being used in the case of the first two 
.substances in order to cut off the 3050^ group of Jig lines. Ilach of these latter 
three substances, when solidified in the above method, becomes a white mass 
which is more opaque than solid carbon disulphide. I'he Raman lines, how- 
ever, are so intense that they are not masked by the strong continuous back- 
ground produced by stray light. The Raman .spectrum of solid carbon 
disul]jliide recorded in the above method was remarkably free from continuous 
background. 

( )n exa milling the .spectrogram due to solid benzene, some changes in the 
properties of the Raman lines of single molecule were ol.)Scrvcd to take place w ith 
the change of slate of the substance aiul therefore it w^as thought worth wdiile to 
study the Raman spectrum of benzene vapour also. The Raman spectnini of 
benzene var)Our at 2i()®C and at a pressure of about 14 almosphcics w'as lecorded 
in the same method as employed pi'eviously,*^* and exposure of four days being 
necessary to photograph some of the intense lines with sufficient densities. 
Also, for comparison, tlie Raman spectrum of liquid benzene at this temperalnrc 
and pres.siire w^as recorded using iiropcr time of exposure. The Fucss glass 
.spectrograph used in the previous investigations was also used in the jiresent 
investigation and the wddth of the slit w^as the same and about 20/x throughout 
this investigation. 

In order to arrive at a clelinito conclusion regarding' the change of width 
of the lines with change of temperature and state, the Raman spectra of liquid 
carbon disulphide and liquid chloroform at the room temperature as well as of 
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Raman spectra ol carbon disulphide. 

(ri) In the solid st^re .U low tempera Uirc. 

(b> In ihe litjuid state at the room temperature 
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liquid carbon tetrachloride at the room lemperaturc and at about 200"' C vvoie 
recorded usiu.q: the same width of the slit as in the case of the solid- stale. 

Microphotometric records of the spectrograms weic obtained with a Moll’s 
microphotometcr. 


§ 3. R n S U b 'r S AND D I S C TT S S I O N. 

Carbon disulphide. 

The spectrogram obtained with solid carbon disulphide at the temperature 
of liquid air is reproduced in Plate XITI along witli that for the liquid stale 
at the room temperature. It will be observed from a conqiarison of the two spectro- 
grams that in the case of the soliil state, there arc two new sharp Raman lines at 70 
cm * and Si cm ' of which the former is even much more intense than the Raman 
line 653 cm"' and the laltei is very feeble. The line 70 cm"' on the anti-vStolces 
side is also quite intense. .Since these two lines aie totally absent in the case 
of the liquid state, they are characteristic freciucncics of the solid state. It is 
very striking that the new' line 7*’ ‘-'ni~' is as ijitcuse as the Raman lines of 
rhombic sulidiur. In the latter case, the line characteristic of the .solid state 
is at 85 cm"' and therefore the frequency shifts of the two lines observed in the 
two cases are comparable. 'I'he line 85 cm' ' of rhombic sulidnir is not considered 
to be due to lattice o.scillalion in the true sense of the term but it is supposed 
to be due to the vibration of the Sj 0 molecule. ' The origin of the lines 70 cm"' 
and 81 cm"' of solid carbon di.sulphide can also be explained in the similar way. 
'I'he sharpness of these lines probably suggests that these lines are due to inter- 
molecular vibrations in .small polymcri.sed groups of molecules. Since it has 
been observed in the case of sul]ihur that the freijucncy shifts of the lines due 
to vSfi molecule in solution remain unchanged wdien Sn; molecules arc formed 
in the crystals, it can be oxiiected that the frc()uencics of the Raman lines of 
CSg molecule will remain practically unchanged when in the solid state, 
polymerised groups are formed and some new lines a]ii)car. Actually, it is 
observed that the line 655 5 cm"' is only shifted to 053 cm"Hn the solid state 
at the low temperature. 

Another significant fact is also observed in the Raman .spectrum of carbon 
disulphide at the low temperature, 'i'he satellite 6.p8cm"' of the principal 
Raman line 653 cm"' is totally absent and the line 653 cm" ' is very sharp at the 
low temperature . This disappearance of the satellite at the low temperature is 
actually expected from the point of view put foiwvard by Placzek regarding the 
origin of this satellite. Placzek ’s explanation is based on the hypothesis which 
Fermi first applied in the case of carbon dioxide, that owing to the influence of 
aiiharmonicity there may be disiilacement of terms and luixing up of projrer 
functions” when the terms are accidentally so close to each other that the 
distance between them is of the order of the coupling energy. In the case of 
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carbon disuli)hidc there is an intense Raman line at 655‘5 cnr^ and another 
weaker line at 796*3 cm“^, the former being accompanied by a feeble satellite at 
648*5 cni’“^ and the latter by another satellite at 810*9 cin“^ . The term scheme 
of tlie eSg molecule obtained according to the above hypothesis is shown 
diagrammatically in figure i. If :V2 be the interval between the first two and 
that betw^een the last two of the four lines mentioned above, 


X2 = 140*8 cni"-^ and 
X3 = 162*4 ern'^ 
h rom the relations 

and .xi — A'^ + 32P^ (2) 

where A=V|— 2V2 


and P depends on coupling energy, the values of A and P are found to be equal 
to —115*2 and 20*2 respectively, vj and are the frequencies of the toml 
symmetric and the antisymmetric deformation oscillations respectively. Tl\e 
values of A and P given above are slightly dilTcrent from those given originally 
by Placzek taking the frequency shift of the satellite to be 642*50111”^. Later 
investigations by Langseth and otheis^" and by Rao^ have, however, shown 
that the correct value is 648*5 cm“^ . 
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Figure I. 

It can be seen from figure i that the satellite is produced by the transition 
from the state V4=o, Vs^i, to the state Vi=i, ¥3 = 1, and s = i, 

where V j and V 2 are the quantum numbers of the two modes of vibration 
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mentioned above and s is the azimuthal quantum number which varies from 
+ V2 to ~ V2 and can have only odd or even values according as V 2 is odd or 
even. The intensity of the satellite, therefore, de])cnds on the population in the 
initial state, Vi=o, Since the energy of this state is only 

39^ 5 population in this state at the room tem])erature is fairly large 

and therefore, the satellite h as appreciable intciisily at the room temperature. 
At the temperature of liquid air, however, the percentage of molecules in this 
slate is only about 1/50 of the percentage in the same state at the room tempeia- 
ture. Hence, the line being fairly weak at the room temperature, vanishes 
at the lower temperature. This observed fact thus corroborates the view men- 
tioned above regarding the origin of the line. 

The satellite Sio'q is also found to be absent at the lower temperature 
but as it is very weak at the room temperature, no such definite conclusion can 
be drawn from its disappearance at the low teni]ierature as in the case of the other 
line 648' 5. 


Benzene. 

Three new Raman lines are observed in the case of solid benzene at the 
temperature of liquid air, having equal to 81, 98 and 124 cm~^ respectively, 
of which the first and the third are sharp lines while the second one is a broad 
band. Gross and Vuks“ reported two lines at 63 cm"* and 108 cm"* for single 
crystals of benzene. The temperature of the crystal is not mentioned by the 
said authors but probably it is a few degrees below the melting point of the 
substance. Evidently, these two lines become a little sharper and are shifted 
to 81 and 124 cm"* respectively and also another new band at 98 cm"' 
ai)pears when the temperature of the solid is lowered till that of liquid air is 
reached. The new lines characteristic of the solid state observed in the case of 
benzene and naphthalene, at both the low temperature and approximately at the 
room temperature are given in table I for comparison. 


Table I. 


Temporal lire wilbin a fev' 

'J'f'mperature of li(|uid 

degrees from O^C 


air 

1 

bcn/eiic 

iiaplitlialene 

Ijeir/enc 

naphthalene 

63 cm ^ 

4 ’ cm ■ 



ioS „ 


Hi cm * 

80 cni^ ‘ 


103 „ 

M 



116 „ 

124 M 

120 „ 




142 „ 
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It will be observed from table I that at the low^ temperature, the frequency- 
shifts of two of tile lines due to l^cnzcne coincide respectively with those of the 
tw o lines of iiaplitiralene. This is probably due to the fact that the lines are 
produced by oscillations of benzene nuclei against each other in groups of mole- 
cules, these groups being rigid to the same extent in the tw'o cases at the knv 
temperature. The shift of one of the lines from 63 cm" ^ to 8i cm" ^ and that 
of the other from loS cin"^ to 124 cm“^ owing to the low^aing of the tempera- 
ture seem to lie too great to be exjilaincd from the t)oiut of view^ that these lines 
are due to lattice oscillations. The n])pearance of a new line at q 8 cm~^ at the 
lf)\v temperature is also not coiisistejit wuth the latter hyiK>thesis. 

Some changes in the i)ioi)ertics of some of the olhei Raman lines of benzene 
are also observed to take place w ith the change of temperature and state. The 
results obtained for dilTcaent slates and lciu]>eralure in the case of a few promi- 
nent Raman lines of benzene are tabulated in table IT. The freqiieuccy shifts arc 
given in w’ave numbers and are correct only within + i cm"k The approxi- 
mate relative intensities of the lines are given in ])arentheses. \ 

Tablk TR 

Boizcnc. 

Solid at liquid aii 
Iciiiprralnrc 

ggo Cp 
1J73 (0 

30, 'jo (j) 

3062 (2) 


Microiiliotometric records of llic speotrognims are reproduced iii plate 

XIV. 

The Raman spectrum of solid benzene at — i50°C was studied also by 
Epstein and vSteiiier.'’ He observed lliat Av of each of the lines 984, 992. 1176 
and 1 584 is lowered by 2 to3cm“'at the low temperature. The results of the 
] iresent investigation confirm those obtained by iCpstein and Steiner in the case 
of the two lines 992 and 1176. 'I'he othei' two lines being faint could not be 
studied ill the present investigation. It will be observed from table II that the 
line 3048 is shifted mucli more with the lowering of the temperature than the 
other lines mentioned above. The width as well as its intensity seem to depend on 
the temperature of the substance. At the temperature of liquid air, the Hue is quite 
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Miciophorometric records of the Raman spectra. 


<a) 'cD (b) Solid Co Ho at low temp. 
(c> Liquid Co I lo at room temp. 

<d> V // high 

<e) Benzene vapour at ZlCLC 

<f> 'SD <g> Solid Cl ICl3 at low temp. 


<h) Liquid CCI4 at room temp. 

<i> ,, CHCI3 

(j> <l<> Solid CCI4 at low temp, 

<I) Liquid CCI4 at room temp. 
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sharp and intense. At the room tcniperaturc it is less intense and a little broader. 
In the case of the liquid state at ^lo'^C it is very liroad and feeble and in the 

ease of the vapour at ^ic)°C it is still weaker and diffuse, 'riiis line is due to tlie 

autisyininetric oscillation of the H-atonis. It is remarkable that the line ,^064 
due to the total symnietric oscillation of the Il-aloiiis remains practically in the 
same i)osition in all the stages and at all the temperatures while the line 304S 
undergoes considerable changes in width intensity and position v\ ith the change 
of state and temperature of the substance. It is (luitc evident from close 

examination of the s])ectrograms that the increase of width is associated 
with the rotation of the molecules. When in the solid state there 

is no rotation of the molecules, the line 3040 is as sharp as the line 3062 and the 
apparent increase in its intensity at the lower temperature is partly due to the fac't 
that the whole intensity is distributed over a very small width which the line 
possesses at the low temperature. The disappearance of the line 1176 in the 
case of the vai^our seems also to be ])artly due to a large increase in its v\ idtli in 
this case. This line also is sharper and more intense at the temi)crature of 
liquid air than at the room temperature. The shift of the lines and 1176 
observed until the lowering of the temperature however, is not an elTect of tem- 
perature, but is an effect of the change from liquid to the solid state as can be 
seen from the fact that the jiositions of these lines remain practically the same 
for the liquid and vapour states and throughout a range of temperature of about 
iCpstein and >Steiner have suggCvSted that in the solid state, the C — C 
bond is slightly loosened causing a slight diminution in Av of the Raman line 
due to total symmetric vibration. An alternative explanation may, however, 
be ollercd that these shifts are due to formation of weakly polymerised gTOUj)S. 
It is well knou'ii that the line yya is shifted only slightly in some cases even when 
the benzene nucleus chemically combines with some other groups to form different 
molecules. Most probably the shift of the lines 992 and 1176 as well as the in- 
crease in the intensity of the latter are due to slight deviation from the cenlro- 
synuiietrical strxicture of the molecule caused by iiilennolecular forces at the low 
temperature. 


Chlorolonn and Carbon tcir a chloride. 

The Raman lines observed in the case of solid chloroform and solid 
carbon tetrachloride at the temperature of liquid air are given in table III along 
with those for the liquid at the room temxDcratiire for comparison. 

It will be observed from table III that there arc two new Raman lines at 
75 cm” * and 94 cm” * in tlie case of solid chloroform and in the case of solid 
carbon tetrachloride these two lines form a wide band at 85 cm i hese lines 
arc due to characteristic vibrations of the solid state Avhich are not so shar^dy 

6 
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Tabi^k III. 


Chloroform 


Cn rhon tt‘trach loridt ‘ . 


Si)lid at low 
ItJiipcrature. 

I/ifjnid at rot an 
te^mpiratun*. 

7 .s(i) 


94(1) 


263(1.'!) 

•^6:1(4) 

270(15) 


467(2.5) 

3^7(5) 

666(4.5) 

1 <) 66 {()) 

1 

755(1) 

: 762 (.^u) 

773(0) 

: 1214(3) 

ia 35 (<-') 

1441(1) 

3016(2.5) 

,1016(4) 


Solid at low 

Liquid at room 

ten ipcrat lire. 

tempera! ure. 

S5(i1') 


219(2) 

29g(3) 

314(2) 

314(3) 

450(3) 

4,S0(4) 

760(0) 

76o(iid| 

7Sg(o) 

789(lld) 


quantised in tlie ease of the syminetrical tetrahedral CCl^ molecule as in the case 
of benzene or carbon disnlpliidc, although the melting point of carbon tetracliloridc 
is very near to that (.)f benzene. vSiiicc the intensity of the wing LU'Conipanying 
the Rayleigli line due to liquid carbon tetrachloride is qnite negligible in 
comparison with that due to liquid chloroform, and on the other hand, both these 
substances in the solid state and at the low temperature give new Raman lines of 
the same intensities and in the same position, it seems that these lines have no 
connection, whatsoever, with the wing observed in the liquid .state. Micro- 
photometric records of the spectrograms due to solid CHCI3 and CCI4 are 
rej produced in plate XIV, 

In the case of chloroform the line 262 is observed to be split up into two 
sharp lines 260 and 270 of ecjual intensities at the low temperature. Also the line 
762 is ol)served to be split up into two lines 755 and 773, the intensity of the 
latter being much smaller than that of the formei . Roth the lines 262 and 762 
are due to twofold degenerate oscillations. It .seems that nu the case of the line 
262, the degeneracy is not conqilctc in the solid .state and therefore, two lines 
of equal intensities are observed. Although the line 262 is slightly broader than 
the olhc]' sharp line 664 at the room temperature, its total width is much smaller 
than the se])aratioii of the two components observed at the lower temperature. 
Also, the centre of gravity of the two components is different from that of the 
line 262. It is quite clear from the values of /\v of the conqjonents observed at 



Raman Spectra of Carbon disulphide, etc. 197 

the low temperature that the frequency of one of the two modes of oscillations 
increases at the low temparature, the other remaining' constant and thus tliere is a 
splitting up of the line. The splitting u]) of the line 762 into two components at 
the low temperature, is, however, of diflerent nature from tluit in the case of tlic 
line 262. The component 773 in this case is not of the same intensity as that of 
the component 755. Tt is quite possible that in this case at the room temperature, 
the width of tlie band 702 being about 20 cm some portions of the band owe 
their origin to the transitions from some initially excited vil^rational state to 
other higher vibrational states as observed in the case of the sjitcllite 648'5 of 
the principal Raman line of As the tem])eratuic is lowered, tlie intensity of 

these portions diminishes in the same way as in the case of tlie satellite 6^S'5 
exidained in the previous sections, and thus at the low temperature, the intensity 
of the other portion of the band remaining the same, two lines, one as intense as 
at the room temperature and the other very feeble, are observed. 

The line 1214 of chloroform is observed to be shifted to 1235 at the low 
tcin])erature. The shift of this line as well as the splitting ui> of the line 262 at 
the low temiierature is probably due to the formation of molecular complexes as 
suggested in other cases in previous sections. 

In the case of solid carbon tetrachloride also, some significant fact has been 
observed. The two lines 760 and 789 each of which is broad and diffuse at the 
loom temperature becomes very sharp at the low tcmj)erature. These lines are 
observed to broaden out to a great extent when the temperature of tlie lictuid is 
raised to about 200‘^C. The two components observed at the low teiiq)erature 
are of equal intensities as also at the room temperature. It is well known that 
in the case of the CCI4 molecule, the condition vj +V3=?V| is satisfied, where 
“459 ciir\ V3 — 314 ciir^ and 1^4 = 773 enrh 'Hiere i.s, therefore, ijerturbatioii 
and displacement of the terms according to lArmi’s hypothesis discussed 
jireviously and the line 773 is split up into two Hues 760 and 789. hvach of the 
two lines should be accoiiiijanied by satellites which owe thuir origin to transitions 
from initially excited states. As there are a series of such excited slates strongly 
populated at the room temperature, the sateliites are not resolved from the lines 
but only make the lilies broad. When at the U)W tenii)eratiire these satellites 
disappear, each of the lines becomes sharp. 

Investigations of the Raman spectra of the sim])le molecules in the solid 
state at the low temperature are in progress and will be reported later on. 

The author's grateful thanks are due to Prof. D. M. Bose for liis kind 
interest in the work. 
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ABSTRACT ; In colli inuaiii 111 of ttie .'lullioi's iircviou.^ woik on formic acid and 
metallic fornmlc.s,M\TiLTc a dilicrcncc Ixlivccn tlic Raman .spiclra of pure loiimc acid and 
forniatc.s and those of the aiineoii.s .solutions of tlic.se .siilistances r\as oh.sci ved, Hie Raman 
spectra of acjueoiis .solutions of oxalic acid, polassinm and ammonium oxalates have been 
e.xainiiied. Similar changes have also been observed hcii', by which the behaviour of the 
carboxyl group before and after ionisation, as discussed in the said iiapei, have been 
cunlirmed. 


INTRODUCTION. 

Tlic sliTictural fonnulatioii of oxalic acid lias been a subject of iiiteivsl for 
some time i»ast, uarticularly after tlie isolation of a new foim of tlie acid by 
Wassiliefl'® by heating copper nitrate and lieii/eno in sealed tubes at i7o''-ipo° 
for several hours. ( )u the basis of this work, Tschitscliiliabiii'’ proposed a cis- 
trans type of isomerism of oxalic acid and tried to ex])]ain the various ob- 
servations recorded in the literature regarding the proiierties of the acid with 
its aid. 

The Raman spectrum of the acid has cousecjueiitly been tlie subject of study 
of several workers. After the preliminary investigations by Krislmaniurti' , 
the substance has been reinvestigated liy Rao''^ in the solid state and in the 
aqueous solution, by Angus and Leckie,*', and with particular thoroughness 
by Hibben^ in the solid state both in the form of the anhydrous acid and the 
crystalline dihydrate, and in solutions of water and methyl alcohol. The results 
of these workers are summarised in table L 
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Table I. 


acirl 

Oxnlu' 

ocid diliyrlratc 

<_)xalic arid in water 

Oxalic acid 

anhvdron.s 

ai) 







in nu tliyl 
alcohol 







(11) 


(A— Id 

(R) 

(ID 

(A-ld 

(ii) 





248 ( ?) 









3gs(«i) 


403(111) 




405 


453 fn/) 

493 





by.U ?) 




S48(,s) 

«47 



845 '.v) 

S42(X) 


SsoCi) 

1370(d) 

i 3 r..s 




1310(70) 

1375 



1471 


J471 

i 43 (' + 3 o(Jt’cl) 

I46n(tf) 


1 

1 

1 

1651 (ill) 



1661(b) 

1656(d) 

1 1645^^) 

1647 








1 684 

\ 

i7/)o(?) 



T759 

17441s) 

1740(^0 

1749 

i 755 (s) 


A — T = Angus iind Lcckie.^’’ 
R = Rao.** 


It is imiiiediately apparent from llic data tabulated above tliat the variajice 
ill the results obtained by the workers are beyond the limits of experimental 
error. For example, Angus and Reekie find in the crystalline dihydra tc, the 
lines i66i and 1759 crn~^ s, ^'as strong as the corresponding frequencies in 
the aqueous solution," which are not recorded l)y Hibben; while a strong line 
at 8.^)8 cin’^ obtained by Kao and by ilibben have not been recorded by the vSaid 
authors. Whatever may be the results obtained witli .solids, whicdi usually give 
strong continuous spectrum, the results obtained for atpieous solutions are too 
discordant to escape attention. The aqueous solution has therefore been le- 
examined, and in view of the previous work on formic acid and metallic formates 
done by the present author \ tlie soluble oxalates of potavSsiiuii and ammoniun) 
were examined in aciueous solutions, with a view to verifying the interpretation 
on the behaviour of the carboxyl group on ionisation, put forward in the said 
paper. 

EXPERIMENTAL. 

Saturated aqueous solutions of oxalic acid, potassium oxalate, and ammonium 
oxalate were examined. Tjiie chemicals were of reagent quality, once recrystal- 
lised, The crystals were washed once with dust-free distilled water (redistilled in 
vacuum) to rcinove'^all mother liquor from the crystals. This simple procedure 
materially diminishes the continuous background usually observed with aqueous 
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solutions. After dissolution, the solution was filtered through a \\ ell w ashed glass- 
sintered (looch crucible (No. /]) before final introduction into the Wood’s tulK?. 
A solution of m-dinitrobeiizene in benzene w'as used to cut oil 4u.|6.^ grouj) of 
Hg lines, and the water baud excited by it. The titnc of exposure is usually 
24-30 hours. The results are tabulated below. 


Taule II. 


[)xalicncid solnlion 

PotnssiuTii oxalate 

Auimoniuiii oxalat' 

ill Avater (said.) 

solution (said ) 

soliititiii (sfitd.) 


' 7 .S (i) 



204 (1) 


4.S0 (2) 

cr 

44 -’ (1) 

‘‘'47 (4) 

« 9 S (<l) 

(. 3 ) 

1372 (.5I1) 

1306 (4) 

i 3 <'»-'? ^3) 

i 4 .S'J (i) 

1460 (3) 

i46r» (2) 


3 /|f\S (3) 

148 s (2) 

1631 (?1») 

T(lOf) \ 3f> (ll>) 

i(>i('H 30 {3I)) 

3740 (4) 



- 

.... 



DISCUSSION or' Ricsui/rs. 

A comparative study of the results given in the two preceding tables reveals 
the facts that, (i) the liue 1740 cm“* which is know'ii to be due to the group 
C = O is ab.scnt in aqueous solutions of ])Otassiuni and animoniuin oxalates; and 
is also considerably weak in the anhydrous acid; (2) a pair of lines near 1650 cm"^ 
and (1300-1400) enr^ is present w'ith fairly large intensities in the aqueous solu- 
tion of the oxalates and in the anhydrous acid; (3) in the methyl alcoholic solution 
of oxalic acid, the line 1750 cm"' becomes very intense while the lines 1310 cm'* 
and 1650 cm"' are totally absent; (4) the line at 1370 enr^ observed 
in the anhydrous acid is shifted to 1305 enr’ in the aqueous solutions of the 
salts. 

The difficulty in interpreting the origin of the line 1310 cm"' observed by 
Hibben in an aqueous solution of the acid was pointed out by him. This line 
can neither be attributed to the deformation oscillation of C-II in CII-j grouj), 
for the latter grouj) is absent in oxalic acid, nor with any degree of certainty to 
C — OH grouping, for the more fundainculal frequencies attributed to this group- 
ing, w'hich lie in the region of (1050-ioyo) cm"', are absent. In extension of the 
views of Kohlrausch** discussed in a previous paper by the author,' this line and 
the line 1650 cm" ' can be interpreted to have their origin in the antisymmetric and 
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syiniiietric vibrations of the Hantzscli's model of the COOH group. The extreme 
parallelism in the nature of this pair of lines in potassium and ammonium oxalate 
solutions with the lines 1320 cin“* and 16670111^^ in sodium trichloracetate 
solution both as rer^ards tlie character and relative iutensities, strongly suggest 
that tlie origin of this pair of lines in each of these substances is the same, 
^riie climimition in the frequency shift of the line 1370 cni“' in anhydrous oxalic 
acid to 1305 cm' Mil oxalate solutions, which is similar to the change observed 
in the case of formic acid when the latter is converted into aqueous solutions 
of metallic formates, goes to confirm the view put forward by Peyclif^s*^ that 
the angle between the two C — O bonds increases when the 11 of the COOH group 
is rei)laced by a metal which ionises in aqueous solutions. 


The acid in the anhydrous state, thus appears to have the structure 


u/ \C C<( ”>H. 

\r \y 


In a molecule having vSuch a structure, the vibration O — II is expected to pc 
greatly ham])cred, since either of the H atoms is bound between two () atoms, aikl 
is tliereforc not free to oscillate against one oxygen atom. The absence of the 
()H freciueiicy which is normally strong, as pointed out by Hibbeii, is thus 

clearly intelligible from this formulation. 

On dissolving in water, the molecule undergoes marked changes in stnicture. 
It was ])ointed out previously by the author' that in a carboxylic acid, the 


conversion 


of the C<^ ^II group to the normal C<^ form seems to be a 

(_)H 

precursor as well as a measure of the strenj’Ui of add.* Oxalic acid, licing 


a strony acid, is converted to a large extent to the normal c/ form in an 


OH 


aqueous soiiitioii. 'I'lie small percentage of molecules of the normal form which 
only ionise to H ' and oxalate ions, gives rise to two lines in positions similar to 

those due to the Haiitzsch’s model of the molecule, in which the angle between 

the two C-O bonds is somewhat less than that in the oxalate ion. as previously 
pointed out. Ill consequence, the line near 1310 cni-l observed by Hibben loses 
its sharpness in oxalic acid solution, owing to the presence of two lines 1310 cm 
and 1360 cm-' side by side, the latter being caused by the atitisymmetnc oscilla- 
tion of the residual number of molecules of Hantzscli’s structure still persisting in 

the aqueous solution. Such complications, however, disappear when the acid is 


* This view niuls support in a rcrenl ^^ork of lidsall Q. Chcin. Phys., 1 , i, ic) 3 b) who has 
shown that although in puro ace tic and propionic acids, any line in the region of 1720 cm is 
absent, dilute aipieous solutions of these acids of 30-35!^ concentration show the presence of 
line at 1720 ctn- ^ in i airly largt intensities, 
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converted into a metallic oxalate which dissociates freely in aqueous solutions 
leaving the oxalate ion in the form 




0 \ - - 


as depicted hy Peyches ; the angle hetvveen the two C — () bonds in each of the 
(C( )( )) groups being greater than what it was in anhydrous oxalic acid, giving 
rise to a sharp line of smaller frequency shift (1305 cm''M than llic 
line 1370 cni“^ iji the anhydrous acid and a broad line in the region of 
1620 cm“^. 

It is evident that under these conditions, no line due to ) can possibly 
api)caT. When the line due to C = ( ) near 1740 cni“^ will be prominent, the pair 
near 1310 cm~^ and 1620 cm will lose their intensities. ^This is exactly what 
happens in a methyl alcoholic solution of oxalic acid examined by Ilibben ; 
the line 17550111“^ is Strong, while the lines 1310 enr^ and 7645 cm“Nhie to 

C<f have vanished altogether. It is interesting to note that the Kamaii 
) 

SI >ectrum of oxalic acid in methyl alcohol is examined under conditions similar 
to those for esterification of the acid, viz., taking C)xahc acid in an excess of 

method alcohol. Since the esters arc all known to ])0sscss norimd structures Jiaving 

> 

C = C) grouping, the complete conversion of oxalic acid into the 1101 mal 
form from the Hantzsch’s form iti methyl alcohol can be anticipated. 


'riie iutcrprctatioii yivcii above of iLe nature of the oxalate iou seems to have 
been coullrmed by the X-ray analysis of ammonium oxalate crystals by llenclnck 

and Jefferson''^' who have shown that in these Cl yslals, the angle between the 

two (C-O) bonds in cither of the (COO) groups is 120°, which agrees approxi- 
mately with the angle given by T'eych^s. It is noteworthy, however, tlial the 
distances of Ihc two oxygen atoms fioin the carbon atom in eilhei of the (LOO) 
groups are not identical and that the Iw'o groups aie not in the same plane 

that the couliguration of ^ symmetiy V,, 

observed iii the case of CgH , ■ The bond energy values for the two C - o bonds 
in each (COO) group are consequently clifl'erent, which should lead to extra 
lines. This might acc-onut for the presence of a doublet at 1460 and 
1485 cm-i besides the line 1305 cm"^ in the aqueous solutions of the 

oxalates. 


7 
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In conclusion, the author wishes to express his respectful thanks to Dr. P. B. 
Sarkar for suggesting the problem, anti to Sir P. C. Ray and Prof. D. M. Bose 
for their kind interest in the tvork. The work was carried out in the Palit 
Laboratory of Physics under kind supervision of Dr. vS. C. Sirkar to whom also 
the author’s best thanks are due. 
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A NOTE ON THE MAKING OF PRISMS FOR 
OPTICAL WORK. 

By S. HARIHARAN, 

Presidency College, Madras- 

Plate XVI 

(Kccrivcd for piibUcaiion, ist Apiil, 

ABSTRACT. An arrount with special reference to the work of the opiieian, is ^i\'cn of 
tJie ^^eiicral principles involved in the produel ion of spectn)sco]Je tnisnis, TJie elkcl nf sliidit 
curvalure of the surfaces of prisms on the delinitkui of si>ectnil lines is spL-eially discussed. 
Melhods are also given 1o detect and overcome two important defects, nanielv, small (‘iirvaturc 
of the surfaces and sli^dit ^^■^llt of homogeneity of the inaterial. The performance of a loivilly 
made constant de viation prism is discussed in relation to that of the standard type now 
generally supplied by Messrs Adam Uilgcr iv C(s 

A study of tlie technique involved in the inainifactiirc of prisms for spectros- 
copes of high resolving- power, affords consideraVile inleresl to tlie optician, 'i'hc 
factors affecting the successful performance of the dispersing medium, namely, the 
prisms, are essentially three in number. The glass or quartz of which the prism 
is made should be optically homogeneous. 'I'his factor is ensured by immersing 
the piece under test in a liquid having the same refractive index and seeing that it 
practically disappears fi'om view. Secondly, the glass or quartz should be free 
from double refraction arising out of strains due to bad annealing, hreedom from 
such defects can be easily examined by interposing a sample of the medium be- 
tween two crossed nicols and seeing that there is absolutely no restoration of light 
when viewed through the analyser. The thiid, which is peihaps the most iiiH 
portant and which eventually determines the value of the pi ism as an ojitical 
apparatus, is the accuracy of its surfaces, by this is meant, the sui faces should 
be of a plaueness correct to at least a quarter of a wave-length of light. 

( )f the three requirements stated above, the first two are largely the concern of tlie 
manufacturer of the optical raw material. The third one is the work of the skilled 
optician and his work demands a considerable knowledge of optical precision work. 
All the same, the materials used iu this work arc quite common ones easily avail- 
able at cheap rates in the market, and the scientific principles involved in the work 
are few and elementary in character. Carborundum of various grades of hneiiess 
is used as the abrasive for forming the surfaces and louge is the medium foi 
polishing. The angles are carefully measured and corrected even m the giindmg 

stages. 
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'J'hc nieasurcineiit of the angles of a prism presents a little difficulty when 
its surfaces are not polished. In the initial stages, templates carefully prepared 
can be relied on correct to a degree. Beyond that, only optical methods can have 
any value. In such cases very thin niicrf)Scopc-covei slips are fastened to the inatty 
surfaces by means of a thin film of vaseline. The angle between the coverslips 
will also be a measure of the angle between the surfaces on which they are 
attached and the measurement of this angle can be made by the usual spectroscope 
jiiethod. I'o eliminate any want of parallelism of the surfaces of the coverslips, 
the measurement is repeated after rotating them in their own jdanes through iSn'". 
The mean of the two measurements will give the actual value of the angle 
between the corres])onding faces of the prism. By this method, the values of tlie 
angles arc checked coiTect to a second. i 

'L'he most difficult part of the work is figuring of the surfaces. 'I'lie necessity 
for the ac'curacy of the surfaces of the order of wave-lengths is aiipareiit fromUhe 
fact that a slight curvature of the surfaces produces more or less the ellect of a lens 
on abeam of parallel light emerging from the collimator. The function of the id\:al 
disi)crsiiig medium ought to be to receive the [ilane comiiosite wavefront fi oni the 
collimator, disperse it into its coiiixKment wave-lengths, and to transmit each one 
of them as a separate ])lane wavefront. Provided that the lenses of the colli- 
mator and telescope are truly corrected, the wiiolc length of each of the spectral 
lines should appear clear and well-defined for one focussing. A slight curvature 
cither on the incident or the transmitting surface is bound to produce this defect, 
namely, the impossibility of securing definition thronghont the leiit^th of each 
line, 'i his is the defect wliich is so predominant in the cheap pj isms and wx- 
find that the lines arc badly curved and ovcr-lappiiig, and when one portion of a 
line is in focus, the other is not. As the curvature of the surfaces increases the 
defects oil the spectral lines become more and more marked, so much so that 
Wiieu the error exceeds five wave-lengths, the lines apiiear to develop a .sort of 
dumb-bell shaiic, iJiis is easily explained because, rays of light ja'oceedhig, say, 
from two points, one at the lo]> and another at the middle of the slit undergo 
diflcrent lengths tjf pa.ssage tlirongli the prism, so that when they emerge out of 
the i)rism, they do .so as if through a lens and the coUvSecjneiit defects of such a 
transmission arc inevitable. These defects should be specially overcome since 
very often we conic across radiations such as those from a sodium lamp. The 
diflerencc between the components of this is only 6 A.U. and if the surfaces of the 
dispel sing medium are having a curvature of this order, its performance will be 
far from satisfactory. 

1 he question naturally arises as to the degree of error permissible on the 
sin faces. It has been foulid on actual experiment that a prism gives very satis- 
factoiy performance in case its surfaces are correct to a quarter of a wave-length. 
'I o detect this error and to reduce errors of a higher magnitude to this order, test 
plates of perfect planenesi are required. After carefully cleaning the surface 
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under test and the surface of the test plate, the two are placed in conlac't, and the 
interference pattern produced in the film of air I)et\veeii, is observed under difl'nse 
light from a source of light like the mercury arc. Fiom the ai)pearance of the 
])attcrn it is quite easy to determine the nature and extent erf the error ou the 
surface under test. Knowing these, the surfaces are figured correct to a quarler 
of a wave-length. Tlie principles and conditions of formation of ]S!e\vton’s rings 
find very intei esting and important applications in this connection J 

It is very often femnd that even when the surfaces allaiii the necessary 
accuracy, the spectrum is still suffering from slight defects. 'I'his is attributed only 
to the slight want of homogeneity of the jiiaterial. To have a visual ol)servation 
of this defect and to locate where exactly it is, the optician seeks tlie help of the 
.l\lic:hclsoii interferometer. The prism is placed in the path of erne of the interfer- 
ing beams. If the material is slightly defective as regards homogeneity, it will 
easily exhibit itself as a deformation of the inteiference pattern obseivcd. Hy 
means of a pointei, the point on the prism surface is located around which the 
deformity appears. If the deformity of the i)atteru is such that there is a 
crowding of lines ill the particular area, it is indicative of slight increased patli- 
tiaversal about the spot and vice vetsa. I'his delect is overcome by a change of 
figure of the surface at the proper i)lace and the operation is technically called 
local correction. 

>SucceSvSfid methods and tecliuique have been developed to jnndnce prisms of 
all varieties, in the Presidency College, Madras. As aji instance, photograph J 
shows the S]K*ctruni of iiieicury arc i)roduced by a cojislant deviation ]>risin made 
by the author. The raw material was supplied by Alessrs. I'haiice brothers, 
Unglaud- It is extra-deuse flint variety of refractive index r750(), and slightly 
yellow ill colour. The whole processes of correcting the angles, the grinding, 
jjolishiiig ami figuring of the .surfaces were curried out locally. 'I'lie material 
absorbs all the lines beyond tlie violet and it easily accounts for the absence of 
furtfier lines beyond llie /1358 of mercury. As a cuniparisoii, a spectrum of 
mercury arc produced l)y an ordinary liilgcr piism under exactly identical condi- 
tions, is also reproduced in pholograpfi II, Tlie high dispersion produced by the 
former is worthy of note. 

The ^ii9i6 line in both the spectra are microiihotometered and they clearly 
sliow the comparative sharpness of the edges of the lilies in both cases. 

My thanks are due to Dr. H- P. Waran of the ITesidcncy College, Madras, for 
his valuable suggestions and to Dr. Koyds of the Kodaikaiial ( )l)Servatory for 
getting me the microphotoiiietric records. 

PiaWRTMIvNT OF PhVSICS, 

Thf l*RKsinENcy Collkgf, 

Madras. 

^ Pages 55 and 56 of ‘Amateur '1 clcscopc Making' by A. (t. Ingalls, and published by 
Scientifie American l*ubli.sliing Ce., 193S, 
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STUDIES ON SOME INDIAN VEGETABLE OILS.’^ 

Part I. 

Viscosity and its Variation with Temperature. 

By 0. N. BHATTACHARYYA, M.Sc. 

(Ohosc Research Scholar in A])plied Physics,) 

(Received for publication, ibtli April, 

ABSTRACT. The viscositu .s of seveti Tinliari vegetable oils h.ive bi eii fleterniined witli 
a .slanilanl Redwood viseoiiu ter No. i and their variation williin .a (eniiiernlure range of 75’’!'' 
Iti 200^^1' lias al.'^o been ascertained. Tt is fonnil that the vegetable oils, generally, are inoie 
viscous than the niineial oils u.si d as insnlatois and heat di.ssipators in electrical engineering 
practice. In the ca, sc of these vi.scous oils the logarithmic law of Amlrade regarding the 
variation of vi.scosity with temperature, has been found not to be .satisfied, hVoiii a consider.!* 
tion of the variation of potential energy t)I molecules with temperature, a modified expression 
of the form log ij — log A — at +|8f*— 7l^ + 8f^ is sugge.sted. The values of vi.scosity calculated 
from this expre.ssion are in fair agreement with the ob, served data within the range of tempera- 
ture of the present investigation. 


INTRODUCTION. 

'I'he vegetable oils have been used primarily as edible oils and also as univer- 
sal liousehold illiimiuants before the introduction of mineral oils, such as kero- 
sene. They form the basic constituent of the different varieties of soaps. As 
lubrictints they were practically universally used for a long time and have only 
recently been partially replaced by mineral oils. Their use in jtaints and varni- 
shes dates from remote antiquity. Besides these uses, they have found applica- 
tion in medicinal and other purposes. Even now the carcel lamp, which is the 
illumination standard of France, consumes Colza oil. The castor oil has found 
wide application as a lubricant either alone or mixed with mineral oils in machi- 
neries where a combination of high speed and high temperature is operative. 
The linseed oil forms the main vehicle of the majority of the paints and varni- 
shes. riie properties of these oils have, therefore, been clo.sely studied by 

* Read before the Indian Phv.sical Society on the 9th April, 1936. 
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(lifTcrent investigators from the above view points. In the literature, one how- 
ever finds scanty references to many other essential physical properties even of 
some of the commonly occurring and commercially available oils. One of these 
properties, viz., the viscosity and its variation with temperature is really of great 
interest from the .stand p(»int of the applicability of the.se oils as lubricants, 
I'urther, as the.se vegetable oils are more or less good insulators, it would be 
worth-while studying also their stability and dielectric proj)Crtics with a view to 
investigate whether there is any field for their application in electrical engineering 
]iractice. 

Within the last few years a considerable amount of work has been done by a 
number of investigators to ascertain the properties of mineral oils for their u.se 
as insulating medium in electro-technology. vSchwaiger' has collected a biblio- 
graphy on the work of liipiid insulating substances up to 1031, Whitehead ^ and 
his collaborators have done extensive researches regarding licjuid insulators. 
Niknradse '* has also published a fairly exhaustive record of the work iii tliis 
line. ( '.emant has also done a considerable amount of investigation in\ this 
field. The interest for .such investigations is accentuated by the extensive usb of 
mineral oils as insulators and heat di.ssipators in oil-cooled transformers, oil- 
switches, oil-filled cables, etc. In fact the llriti.sli Engineering Standards A.sso- 
ciatiou as well as the American and the ( lermaii Associations have published 
definite directions '* lor the examination of insulating oils for electrical purpo.ses. 
Thc.se directions are now actually followed by every electrical engineer when 
dealing with mineral oils. 

In the classical work of lycwkowitsch one finds an exhaustive reference to 
the properties of vegetable oils, fats and waxes. They have also been treated b> 
Wright and Mitcliel along with their manufactured products. In his excellent 
monograidi, Jamieson ^ has also collected a wealth of material dealing with 
inipoi taut properties of vegetable oils from the chemical aspect. It is, however, 
worth-noting that the (lata included in the International Critical Tables '' and 
:dso in Eandolt and Bornstein Tabelleii on the physical properties of vegetable 
oils are not as extensive as their wide occurrence would justify. Quite recently 
Paranjpe and Deshpande ‘ ' have reported some interesting measurements on the 
dielectric properties of a few of these oils. 

The object of the author is to udertake a systematic study of a number of 
Indian vegetable oils with a special reference to some of their ])hysical properties. 
c.g., viscosity and its variation with temperature, heat conductivity, specific heat, 
dielectric con.stant and its variation with temperature, dielectric Strength under 
high potential fields, the nature of their ionisation and their behaviour under 
dillercnt electric and magnetic fields whether .steady or alternating. This paper 
deals with the study of the viscosity and its temperature variation for some of the 
commonly occurring vegetable oils. 
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T n K o R K T I C A Iv. 

The consideration of the viscosity of liquids dates from the conception of 
Newton regarding the existence of a shearing stress at any point of a liquid 
moving in parallel layers. The viscosity constant is thus a definite physical 
property of liquids. The theoretical expressions for this constant has been fully 
worked out by lyamb * ^ leading to the well known Poiseiiille relation connecting 
the velocity of flow of a liquid through a tube of infinite length and of circular 
cross section under a definite pressure gradient. 

Owing to the simplicity of arrangement this method has been extensively 
used ill the determination of the viscosity of liquids. Due consideration has, 
however, to be made for the accurate estimation of the pressure gradient and a 
modified form of the equation has to be applied owing to the limited length of the 
tube. 

The modified formula, which takes into consideration all the above-mentioned 
factors, is 

_ ttR ^ f feT __ t V 
“ sv sttck- hU)t 

where R = internal cross section of the tube, 

= gravitational constant, 

= density of the liquid at the temp. P’c., 

Ii ^liydrostatic head of the liquid under consideration, 

V = volume of the out-flowing liquid in time ^l', 
h = length of the tube, 

?i = a constant depending on the characteristics of the ends of the tube. 

The second part of the expression stands for the correction for the kinetic 
energy of the outflowing liquid where m is another constant. 

( )vving to the extended use of lubrication for industrial purposes a number 
of apparatus have been devised to determine the viscosity constant in which the 
above equation has been put in a simplified form, 


where T is the time of outflow of a specified volume of liquid, A and B being 
constants depending on the dimensions of the ai)paratus and other numerical 
factors. In this expression it is of course assumed that the initial head of liquid 
is adjusted to a si)ecified value and in consequence the mean value of h duiing 
outflow is kept constant for the type of the instrument. 

For liquids of high viscosity the value of T is fairly large for the industrial 
types of instruments, so that B/T becomes small in comparison to AT and in 
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such cases the ratio of the viscosity to the density becomes proportional to the 
time of outflow. These viscometers are usually vessels of definite dimensions 
with an opening in the bottom. The time required to empty either completely 
or partially such a vessel when filled with oil gives the viscosity in empirical 
units. Of the different types, the Redwood viscometer ^ Mias been legalised in 
Great Britain, the Knglcr type being used in Germany and Saybolt type in the 
Ihiited States of America. 

Many attempts ' ^ have been made from time to time to secure a relation by 
which the results arrived at with these commercial types of viscometers maybe 
converted into absolute units. Thus Higgins ’ ascertained the values of the 
constants A and B by a comparison with the values in abvSolntc units determined 
by a method enqdoyed by I'horpe and Roger * for Redwood viscometer i 
type. His values of the constants being 

A = 0*00260 

B== 1*715 in e.g.s. units. 

The vntiation of viscosity of liquids with temperature has been the subjtx:t 
of considerable amount of investigation. vSlotte^^put forward a second degree 
equation 




which, however, docs not work satisfactorily and probably higher coefficients have 
to I )e used. As early as 1012, Porter ^ ^vorked out an empirical' relationship 
between the viscosity of a liquid and its temperature. The ordinary logarithmic 

c/o 

formula = Ae where 0 is the absolute temperature and A and c are con- 


stants, was suggested by T. de (^.uzmaii, Kendall, Dunn, Sheppard and 
Andrade in different times, all, apparently, unknown to one another. 
Raman, in 1923, made a suggestion regarding the state of aggregation in a 
liquid as being comi^oscd partly of molecules which aie free to move and others 
which arc attached to one another somewhat as in a crystal. He considered the 
relative proportion of these two types by the application of Boltzmann distribution 
law and the relative rate of transport of momentum was worked out as the ratio of 


Ri/Re 

e 


and e 


Tva/R® 


, where li) and lio represent the work required to separate pairs 


of molecules of the two types, R, the gas constant, and the absolute temperature. 
He thus arrived at the relationship between the viscosity of a substance in the 
liquid slate and in the state of vapour using vSuthcrland’s formula for gases and 
vapours. It was suggestaLl that the temperature variation of viscosity of a liquid 
would be represented by 

5B 
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where fjz and are the viscosities of the substance in the liquid and vapour 
states. 

In 1954 Andrade published an elaboiate theory of the nature of viscosity 
and its variation with teinperaturc. The main idea underlyiug his treatment is 
that ill a liquid, the commuuicatiou of momentum from layer to layer takes place 
at the extreme libration of molecules in each layer oscillating about a very slowly 
displaced equilibrium position and that the variation of viscosity of a liquid with 
teinperaturc is due to the fact that this interchange of momentum is affected. 
He discussed tiie views of previous workers and considered the nature of potential 
energy changes of the system and the characteristic frequencies of the molecules 
and arrived at a logarithmic formula, viz., 


1}V 


Ac”® 


where v is the specific volume^ c is the ratio ' 


wliere Ii rcprcseiits i‘iieii.;y 


the molecules at the absolute temp. and K the BolP/.mann constant, and A the 
characteristic ctmstaiit of the liejukU lie discussed the theoretical considerations 
of the variation of characteristic frecjueiicy with temperature and showed that the 
tussumptioii of such a variation led to a modification of the above expression. 
The experiinciital results were found, however, in better agreement with the 
assumption that the frequencies arc unalTected by temperature. By applying the 
method of least squares, he worked out the values of the dilTereiit coefficients 111 
his formula, for a number of organic liquids and a few inorganic ones, as water, 
chlorine and mercury. It was, however, pointed out that in the case of a few 
organic liquids as also in the case of water, the percentage error is fairly high. 
He considei'ed tlie.se substances as anomalous ones. Among these anomalous 
subvStances one finds trimethyl carbiuol, dimethyl carbinol and amyl alcohols. It 
was also pointed out that the behaviour of tertiary alcoliols was anomalous as 
compared to other alcohols. Furthermore, tlie variation of viscosity of trans- 
former oils with temperature .shows that they also belong to llic anomalous group. 

Now, in the case of vegetable oils, which are mostly a mixture of glycerides 
of fatty acids and have fairly high viscous properties, it was not known whether 
they would follow the above-mentioned logarithmic relation or be classed among 
the anomalous substances. A graphical plot of the values of viscosity, as shown 
in figure 2, indicates clearly that they also belong to the anomalous class of liquids. 
It has, therefore, been thought proper to work out from tile experimental data a 
formula which will bring out the relation between vi.scosity in Redwood units and 
temperature withiu the range of the present investigation. This has been done 
by fitting the logarithmic curves of figairc 2, by the method of least squares. It 



214 


G. N. Bhattacharyya 


has been found that this relation, in general, is of the form 

log »;= log A — (it + /St® — +8// 

where a, y, 8 and log A are constants and / is the temperature measured from 
some fixed initial temperature. 

It may here be pointed out that Andrade, in the deduction of his formula 

A —e 

t]v =Ac^’ , has cousidered the edect of the potential energy of molecules on 
viscosity and has shown that this energy is a function of the specific volume v. 
I'roni the consideration of Van der Waal's equation he adopted the exj)r|;ssiou 

for this potential energy to be - . He did not, however, take into accoiuVt the 

" \ 
effect of temperature on the potential energy. The anomalous results in the \case 

of viscous liquids may probably be explained if we consider the effect of temi)^ra- 
ture on the Van der Waal’s constant — , that is, if we lake it as (j + at + bt” 

V V 

+ ) Andrade’s formula may then he written as a series (considering t 

small compared to 0 the value of the initial temperature in absolute units), 
d'hat is, 

log »j=log A — nt + /8t® — 7't'’H-8t‘*. 


IJXPKRIMKNTAL. 

'I'he viscosities of seven vegetable oils have been determined with Redwood 
viscometer No. i. The instrument was calibrated at the National Phy.sical Labo- 
ratory and the thermometers were calibrated iji the Fahrenheit scale according 
to Uritish Fmginecring practice. The oil cup was filled up to the standard mark 
after proper levelling With the help of the electric heating device, the tempera- 
tures could be maintained constant to within +oT°F during the time of 
observation of the flow. Repeated observations were taken to secure uniformity 
of results and to eliminate errors in ascertaining the time of flow. A Venner 
I / roth second stop watch was used to ascertain the time of flow. Before use, 
it was first calibrated vvitli the standard chronometer of the laboratory to secure 
the accuracy of time measurements. ( )wing to the long interval taken by the 
liquids to flow out, one is justified to assume that the time estimation is correct 
up to the first decimal place. 
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The viscosity values arc shown in table I in Redwood un its 
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Tahle I . 


Oil 

At 75''P 

At ioo“F 

At 

At cso”p 

At i7.s’l- 

At ;iOo"P' 

Castor oil (cold drawn) 


j uj^-S 

5 -- 4'3 

2Na‘4 

1 S2(^ 

08 -i) 

Cornaiiiit oil 


121 I 


s 

47'g 

Ayo 

J/inseed oil (raw) 



So ‘7 

:* 1 

SI "2 

43 1 

Rape oil (Punjab seed) 


JoS-i 

124-2 

SS* 2 

07 *() 

5h*i 

Olive oil 


1O7-4 

107*2 

>7 A 

.S'/ I 

y)-2 

Poppy oil (bleached over 


.;o7-2 

1 2S ii 

S7-S 



water without ehcini- 







cals) . 







St'SLinic oil 


csi- 

Q7V 

72*2 

47*1 

47 -J 


To obtain comparable results with other irivestiyalors it was lhou}>ht of 
interest to secure data for the densities and lefractive indices of the oils used in 
the present investigation. I'hcse data refer to the room temperature. 'J'he 
refractive indices were determined with an Abbe direct reading refractonicter 
provided with heating arrangement and the densities were ascertained with a 
pyknonietcr and a delicate chemical balance. 

Table 11 contains the data on refractive indices and talde III those on den- 
.sities. For comparison, available data of other investigators have also been 
included. 


Tabi,e II. 

Refractive index data. 



Lewkowi- 

t.<icll. 

Wright & 
Mitchcl. 

lilt. C'ril. 
TnblCvS. 

Jaiiiie.soii 

Author 

Oil. 



^6 


nd 


nd 


Td 





d 






a 




U 

0 


0 

0 


0 

0 


u 


u 


4 : 



4 -> 

S-t 


Refr 







(S 







Castor 

1-4783 

20-0 

1-4705 

15-0 

1-4771 

^ 5*0 

J -4771 

25-0 

1-4769 

28-0 

Cocoanut 

1-4803 

15-0 

I -4S03 

150 







1-4410 

6o'0 



1 1*4530 

25-0 

i- 4 .S 3 e 

I -4360 

25-0 

1-4540 

38-4 

Linseed 

1 *4800 

20-0 

1-4780 

JO'O 

j -4807 

25-0 

1-4786 

25-0 

1-4790 

28-0 

Rape 

1-4835 

15*0 





1-4815 




1-4720 

15-0 

1 


i- 47 io 

25 -n 

1-4726 

20-0 

1-4713 

24'2 

Olive 

j ■46r)8 

150 

1-4690 

20 'O 

i-46t->7 

25-0 

1-4660 

25-0 

1 -4672 ' 

27-8 

(bleached) 

1-4670 

20-0 





1 -4680 



28-6 

1*4751 

20-0 

1-4783 

15-Q 

1-4742 

25-0 

1*4751 

20-0 

1 -4742 

Sesame 

i- 47 -i 8 

20-0 

1-4748 

150 

1-4704 

25-0 

1 *4698 

25-0 

1-4713 

27-8 



1 


1-4717 


1-4731 
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Table III. 
Density data. 



lycwkowitsch 

Wright & 

lilt. Crit. 

Jamieson 

A.utlior 




Mitchel. 

Tables. 

1 


1 


Oil 






1 






Sp. gr. 

fc 

Sp. gr. 

tv 

1 1 

Sp. gr. 

1 

Sp. gr. 

t"c 

Sp. gr. 

tv. 

Castor 

Cocoaiiut 

0-9591 

15-5 

... 


0-9589 

22*0 

0-9580 

0-9680 

15-0 

09598 

22-2 

0-9100 

0-9167 

37-8 

... 

-- 

0-9260 

15-0 

0-9150 

30-0 

<■>•9149 

37-8 

Linseed 

0 -Q 342 

i 5 ’o 

0-9299 

15 

0-9300- 

0-9380 

15-0 

0-9270 

20-0 

O-92S7 

22-2 

Rape 

0-9141 

35*5 

0-9142 

iS’o 


... 

0-9139 

r>-yi6o 

15-5 

0-9093 

22 '2 

Olive 

i '-9155 

i 5‘5 

0-9166 

150 

0-9150 

15-0 

0-9100 

0-9150 

25-0 

0-9126' 

22-2 


Poppy 

09355 

15*5 

0*9245 

15-0 

... 


0*9241^ 

15*0 

o-93oi\ 

22-2 

(bleached) 







0-9270 


\ 


Sesame 

0-9170 

20'0 

0*92 10 

15*0 

O-QIQO 

25-0 

0-9200 

15-0 

0-9197 \ 

22-2 


0-9210 






0-9260 


. 



1 ) I S C U S vS I O N. 

Ill the present investigation, the range of temperature extends from 75 ’ 1? 
to 200° h'. The variation of viscosity with temperature lias been shown graplii- 
cally inliguiei. With increasing temperatures, the eocflicient of viscosity 
decreases to a considerable extent. This evidently is due to the higher kinetic 
energies of the molecules. As the velocities increase, due to the increasing 



70 So 90 100 no 120 130 140 150 160 170 180 190 200 

Temperature in degrees Fahrenheit. 

Figure i ( a ). 
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, lumber of colUsions, they gradually overcome the effects of the inter-molecular 

forces thus tending to lower value of the viscosity coefficient. It is rather 
■ iteresting to note that the curves of linseed oil aud cocoanut oil cross each 
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other at about laa” F while those of bleached poppy oil and rape oil at about 
142“ F. At 75“ F the viscosity of most of the oils investigated vary from 400 to 
180 seconds (with the exception of castor oil whose value is very high) while 
that of mineral oils'* from 250 to 95 seconds. 

As stated previously the temperature variation of viscosity could be re- 
presented by a logarithmic law. Hence the logarithms of Redwood seconds 
have Ireen plotted against temperature and tliese curves are shown in figure 
2. Figure 3 shows similar curves for transformer oils and is reproduced from 
the Technical Rei)ort of the British Electrical and Allied Industries Research 
As.sociatfon for a comparison. 



70 80 go 100 TIO 120 130 150 160 170 180 190 200 


Temperature in decrees 1 ^'alirenheit. 

Figure 2. 


It is clearly seen that the general nature of these- curves is similar to those 
shown in figure 2. The curves of figure 2 have been fitted by the method of least 
squares and the values of the constants a, -y, 8 and log. A have been worked 
out. From the similarity in the nature of curves of transformer oils, it was 
thought interesting to lit them also in a similar fashion. The last two of the 
four curves have actually been fitted and their results, along with the results 
of the curves of figure 2, have been shown in table IV. The percentage errors 
have been c.dculated in each case from the observed and calculated data and 
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Table V. 


Linseed oil. 


t"c 

log. V 

log. 1) 

rercentage 


(ob.s.) 

i 

(calc.) 

error. 




o‘oo 

23-89 

2-2582 

2*2582 

o*o6 

3 o '85 

2 1517 

2 'i 505 

— o'o8 

3778 

c 

c 

2*0566 


^473 

^■ i 777 

i’ 97 S 2 

0*13 

51-67 

T*Qo 6 f) 

i' 3 o 49 

o’ II 1 

58-61 

1-8451 

t '8445 

1 

0-04 ^ 

65-56 

^‘ 7 Q 3 T 

1*7922 

o'os 1 

72-50 

17/182 

T *7/1 68 

o’o8 \ 

7 < i '44 

I '7093 

1 ‘7066 

o’i5 

86-39 

1 Yi721 

j ’669/1 

0-15 

93-33 

^■^375 

1*635^ 

o'i 5 


Cocoanut oil. 


1 " c 


log. V 
(calc.) 

J Percentage 
error. 

23-89 

2-3259 

2-3259 

0-00 

30-85 

2-1903 

2*2019 

- o-o8 

37-78 

2-0831 

2-09CJ5 

' 0-35 

44-73 

2 -exxx) 

1-9935 

0-32 

51-67 

1-9031 

1-9071 

- 0,22 

58-61 

T -8261 

1-8326 

- 0*35 

65-56 

T 7671 

1-7692 

- 0.12 

72-50 

1 -7076 

1-7071 

003 

79-44 

• 1-6803 

1 -6768 

0-21 

86-39 

1-6435 

1-6413 

0-14 

93-33 

1-5335 

1-6348 

o-o 8 
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Sesame oil. 


t • c 

loR- V 
(ob.s.) 

log. 1) 

(calr.) 

1’ert'culaj.^c 

urror. 

23 'So 


2-4087 

O'OO 

30’85 

2 ’2967 

2-29^7 

«-)-(10 

37-78 

2-i88i 

2*1872 

0*04 

44*73 

2-0864 

2-0855 

0*04 

51-67 ' 

1-9908 

1-9950 

“ 0*22 

58-61 

1-9191 

1*9177 

0-07 

(i 5-56 

1*^585 


0-29 

72-50 

1 7993 

1- 800*1 

- 

79 -' 1'1 

^’7559 

' 7339 

0*00 

86-3y 

1 -7202 

1*7202 

0 '( J 0 

93-33 

1 -9730 

1 *6700 

0-19 


Olive oil. 



log. V 

lOR. V 

Pcrccnta^^c 

L C 

(obs.) 

(calc.) 

ClTOl. 

23-89 

2 •46()0 

2-^690 

0-00 

30-85 

2-.3424 

-r 3/123 

0*00 

37-78 


2-2273 

- o'lh 

44*73 

2*1305 

2-1296 

0-03 

51-67 

2 -0302 

2*0298 

0-02 

58-61 

1*9590 

1*9553 

0-19 

65-56 

1-8882 

i-S8ii 

t)-.1o 

72-50 

1-8195 

1-8173 

u-13 

79-44 

1-7716 

1-7703 

o-uS 

86-39 

1*7324 

1-7303 

0-14 

93-33 

1*7707 

1-6995 

0-08 
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Rape oil. 


fc 

log. V 
(obs.) 

log. V 
(calc.) 

Terccntage 

error. 

23-89 

^■5457 

2-5457 

0*00 

30-85 

2-4133 

3-4125 

0*03 

37-78 

2 ‘2969 

2-2953 

007 

4473 

2*1931 

2*1920 

005 

51-67 

2*09/11 

2-1009 

- 0-33 

58-61 

2-0232 

2 -0206 

0-^3 

65-56 

1-9455 

1-9501 


72-50 

1*8976 

1-8883 

o’si 

79-44 

1*8261 

1-8345 

- o*46\ 

86-39 

i* 7«53 

1*7901 

- 0*27 

93-33 

1*7490 

1*7502 

c 

c 

1 


Poppy oil. 


t"c 

log. Tl 

log. V 

Percentage 


(ob.s.) 

(0.1IC.) 

error 

23-89 

2-5668 

2*5668 

0*00 

30-85 

2 '4401 

2-4366 

0*14 

37-78 

2-3164 

2*3170 

- 0-30 

44-73 

2-2095 

2 *2080 

0*07 

51-67 

2-1092 

2-1090 

0*01 

58-61 

2-0294 

2-0214- 

0*40 

65-56 

1-9435 

1-9405 

0*20 

72-50 

1-8779 

1-8713 

tj *37 

79-44 

. 1-8235 

1*8190 

0*25 

86-39 

1-7723 

1*7712 

0*07 

93-33 

1-7340 

1*7311 

o*i8 
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Castor oil. 


t'c 

log. V 
(obs.) 

log. 7, 

(calc.) 

rercentagc 

error. 

23-89 

3-4862 

3-4862 

0*00 

30-85 

3-3018 

3-2860 

0-47 

37-78 

30766 

3 ’0869 

’ 0-33 

4473 

2*9031 

2-8968 

0-21 

51-67 

2*7193 

2*7200 

- 0*03 

58-61 

2-5705 

2*5610 

0*37 

65-56 

1 

2-4256 

2-4179 

0-31 

72*50 

a 2923 

2-2938 

- 0 06 

79 -AA 

2-1835 

2*1856 

- 0*09 

86-39 

2-0864 

2*0768 

0-46 

93-33 

1-9952 

:rcK)oy 

- 0 28 


Transformer oil No. i. 


t’c 

log. V 
(obs,) 

(log. V 
(calc.) 

l^crcenlagc 

error. 

23-89 

2-0128 

2*0128 

Q-00 

30-85 

1-9036 

1*9018 

0-09 

37-78 

1-8261 

1-8267 

“ 0*03 

44-73 

1-7619 

1-7602 

0-10 

51*67 

17007 

1-6993 

0-09 

58-61 

1*6532 

1-6535 

- 0*02 

6556 

1-6107 

I-61OI 

003 

72-50 

1-5821 

1-5813 

0-05 

79*44 

1-5587 

1-5593 

- 0*04 

86-39 

1-5428 

1-5432 

- 0 03 
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Transformer oil No. 2. 


tv 

log. V 
(obs.) 

log. V 
(calc.) 

1 

Percentage 

error. 

23 -89 

3-1139 

2 -II 39 

O'OO 

,30-85 

1-9934 

1*9952 

- 0 -09 

37-78 

1*8976 

1-8987 

- 0-06 

44-73 

1-8195 

1-8200 

- 0-02 

51-67 

1-7559 

17553 

0*03 

58-61 

1-6990 

1-7015 

- 014 

65-56 

1-6532 

1-6566 

i 

-0*211 

72-50 

I -6201 

1*6200 

0*0()\ 

79-44 

1-5798 

1-5870 

- 0-47 \ 

86-39 

1 -.S 658 

1-5703 

- 0*29 \ 


If the curves of figure I (a) are extended slij^htly to the left, viscosities at 
70°F are obtained and these figures do not differ much with those supplied by 
Crossley and Le Sueur at the same temperature. For castor oil, the vi.scosity 
at ioo“F is in fair agreement with the standard data.® 

The author acknowledges his grateful thanks to Prof. P. N. tJhosh for his 
kind interest and encouragement during the course of investigation. 


Api-uun rnv.sics bAnouATORV, 
Pnivtirsity Cou-iicr, oK Scikncu and TiicuNotocv, 
Calcuitta. 
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ON THE RAMAN SPECTRUM OF H,S IN THE SOLID 
STATE AT LOW TEMPERATURE. 

By S. C. SIRKAR and JAGANNAVH GUPTA. 

Plate XVII. 

{Rfcrivcd for piiblicalioii, qUi April, iq/k) 

abstract. The Rain.in spectmrn of solid JL^S at the temperature of liijuid air has heen 
iiivp.stipated. Tlirec lines at ;'5.r3 cm ', 2547 ein'' and enr' have Iieen observed besides a 
l)road band at ,'^o em"' whieh is ])re,seiit on the anti-Stokes side al.so. Tlie line at eni 
lieiti.i^ most inUaise, lias been identified Avith and the twt) lines 2 t ,-17 ‘'m ’ b ive 

been identified with uij. The angle liel ween the two SlI bonds in thr .scili'd slate is foniul to be 
.iboiit iii.S" and not 90" as observed in the li(|nid or go.seous state, S, 

'I'eiitative arrangement of the moleenles in the unit eel! has been .snggesti d so tliat w ilh 
,sneh an .arrangement, the field of tlie eryslal lattiee .splits up the vibrational levi l oij wit lioiit 
splitting up The pre.seiiee of the band 80 cm ' is attributed to the formation of loo, sely 
bound molecular eompleycs in the .solid .state. 


§ 1. INTRODUCTION 

The iiivestigntioii of the Rtniittn spectrum of ctirhon disulphide in the solid 
state at low temperature Ity one of the present authors ' revealed some new Rtiman 
lines of smalHrcqueiicy shifts characteristic of the solid .state. It was .suggested 
that the lines might be due to the oscillations of comitlcx polymeri.scd groups of 
mo'lerulcs which are formed at the low temperature. It was observed m the ca.se 
of a few more substances, later on,= that some of the lines producal by osc.lla tons 
otsinslc ...nlecdes also uadar^o so.ne chaages 

queuev shift when the temperature of the substances 

, 1 1 -1 fr, eruitiniie the investigation with some mote 

air. It was thought worth wiulc to coutmuc l,,o „ow lines 

substances having siuipie molecules. In or Hir... with the exist. 

observed in the case of solid carbon disulphide have any 

cnee of sulphur atoms in the molecule, ,„eu investigated 

mvestigatioT. and the Kaman spectrum _ ^ 

in the solid state at low temperature. T 
the present paper. 

10 
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§2. KXrERIMrCNTAIv. 

The cxx^erimental arran^rements for photographing the Raman spectrum at 
low temperature were exactly the same as used by one of the present authors 
in the previous invevStigations. HgS gas was obtained in the ordinary method of 
generating it in the Kipp's apparatus by the action of dilute acid on ferrous 
sulphide. The gas was dried by passing it through calcium chloride tower and was 
later on solidified in a pyrex glass tube which had b'een evacuated and was kept 
immersed in liquid air. During this process the residual hydrogen gas present 
as an impurity slowly collected in the tube and was pumped out from time to 
time through a side tube. Solid Il2vS obtained in this method was an opaque 
white mass. It was melted and solidified again by immersing it in liduid air. 
The solid mass thus obtained was white and translucent. The Raman spectrum 
of this mass was photographed after keeping it immersed in iicpiid air. The layer 
of liquid air enclosed between the tube and that portion of the inside wall W the 
transparent Dewar vessel which w^as nearer to the slit of the spectrogra]Ai was 
very thin, and also care w'as taken to prevent the incident liglit from falling oh tliis 
portion of the liquid air. Tlie light scattered by the portion of the liquid air lying 
behind tlK‘ tube could not reach the slit of the vS])ectrograph» because it could not 
penetrate the translucent mass of solid HoS. 'Huis no light scattered by liquid 
air could reach the slit of the .spectrograph. The spectrogram is reproduced in 
l)late XVII. 


§ RKvSUkTvS ANT) DISCTTRSION 

In the case of solid H2S at the temperature of liquid air, no such shar]) new 
lines of small frequency shifts as oI)served in the case of solid carbon disulphide 
could be observed, but a broad band at 80 cm*” ^ was o 1 )scrvcd, both on the Stokes 
and aiiti-vStokes sides. Besides this, three .sharp and inten.se Raman lines were 
observed at 2523, 2547 instead of only one line which 

is observed'^ at 2578 cm“^ in the case of liquid H2S aud at 2615 cm“* in the case 
of gaseous H2S. The structure of the H2S molecule ha.s been di.scu.ssed in detail 
by Dadien and Kohliausch.^ llyvS molecule being a nonlinear triatomic molecule, 
ordinarily three fundamental vibrational frequencies ^^ud 103 should be ob- 

served, of which ^2 being that due to the symmetric oscillation should be more 
intense in the Raman spectrum than cither coj which is due to the antisymmetric 
oscillation or 0)3 due to the deformation oscillation. The three modes of oscilla- 
tion are shown diagraiflmatically in figure i. As has already been mentionedi 
only one Raman line is observed in the Raman spectrum of gaseous or liquid 
H2S. Dadicu and Kohlrausch have offered an explanation for the absence of the 
second line in this case, because this line is ordinarily an intense one, From 
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s 




Fig. I 


the fact that the Rainaii line due to tlie iimcr oscillatioji of vS II gioui* in the inole- 
cLiles K.v^ll is iieaiiy in the same legion as tliat of tliey have assumed that 
since the vihration in vSH gioup is autisyimnctrie, it eonesponds to the vibiation 
<11 1 in II .^S molecule and tliat in the case of HoS molecule itself, the two lines 
due to the vibrations of the types wj and <**.2 are not only close to each other 
blit they coincide with each other to form a single line. If « be the angle 
lietweeu the two SH bonds in the iloS molecule, it is well known that 

] 

— (}—p) cos'^jJ (a) 

where 11^ = 5 ^63 x 10“'-* 1./'’, 



,, 2 _/ 

m . 

Ill 


= /- ii + (i-p) 


cos*'* 




M 'I' 2 HI, 


M 


I 


rn = J, M-32. 


From (i) and (2) it is seen that oi =o>2 when <1=90°. 'I'he said authors have 
thus pointed out that in the present case w, =0)2, Iieeaiisc a— yo“. 'I'liey have 
also shown that the suggestion of Nielsen and Barker'’ made from a study of the 
results of the investigation of the infra-red absorption si)cctrum of HgS, that 
this molecule has ground tones on and UI2 of frequencies respectively equal to 
2686 cm"' and 3794 cm'' is not correct, because it is not possible to find a 
pair of values of a and / which will give these two frecjuencies as the solution 
of equations (i) and (2) mentioned above. Thefrequency 3794 cm"' according 
to Dadieu and Kohlrausch, is probably that of an overtone or combination tone. 
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It can l)C easily seen that the explanation oflered by Dadieu and Kohlrauscli 
regarding the absence of a separate line due to the vibration of type ojj is coii- 
firnicd by the results of the present investigation. If the angle between the 
two SH bonds be slightly changed so that it is other than 90*^, two separate lines, 
one due to wj and another due to (j> 2, ought to be observed in the Raman spectrum 
of II2S. This actually happens in the case of solid II2S. (_)f the three Raman 
lines observed in the cavSe of solid H2S at the low temperature, tlie line at 
.2523 cm^^ is most intense and sharp. This line may, therefore, be identified witli 
wjj. The other two lines at 2547 cin“^ and 255S cm“^ form a close doublet, each 
of these lines being fairly sharp and much weaker than the line 2523 cnT'k I'hese 
two lines can be identified with iii|. The possibility of identifying the third line 
2558 cin“' with W3 is remote, because the line due to has generally /a veiy 
small freciuency shift and also it is generally very feeble. The ap])earaiK'e of a 
doublet instead of a single liiu due to the anlisymmetric vibration can l)e 
accounted for by assuming that this vibrational level is split uj) into twopy the 
electric field of the crystal lattice. For instance, if there be two inolecultijs in 
the unit cell of the crystals of with their ])lanes inclined to each othl'r as 



shown in figure 2, it is evident tliat for llie antisymnielric vibration tlie diiec- 
tions of movements of the sulphur atoms in the t\\ o molecules arc inclined to 
each other. If the lattice be other than cubic, it is expected that in the case 
shown in figm-e 2 the effect of electric field of the lattice will l^e different along 
the tw^o directions nientioncd above and consequently, the frequencies of vifjra- 
tion of the two molecules wu’ll be slightly dilfereiit from each other. For the 
symmetric vibration, however, the directions of movements of the two sulphur 
atoms in the tw^o molecules will lie along the line AB and therefore, the eflcct 
of the field clue to the lattice will be the same in the case of both the molecules. 
The shift of the line diiv to from 2578 cur’ to 2523 enr’ observed on solidify- 
mjj liquid H2S clearly indicates that tlie influence of the iiitermolccnlar field in 
the solid slate is much greater llian that in the liquid state. These forces are 
also lesiionsilile for tlie formation of the molecular complex, the intermolecular 
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Raman spectrum of solid HzS, 
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vibration in which gives rise to the line atSocm'^ This latter vibration is 
not so well quantised as the corresponding lines observed in the case of cai'bon 
disulphide, because the line at So is a broad band. 

All attempt may be made here to find out the value of a and / in the case 
of the 1128 molecule in the solid state at the low temperature. 

Taking 0)2 = 2523 cm" and tuj =2547 em'"^ the value of ^ and / olitaiued 
with the help of equations (i) and (2) mentioned above are loS'' and 3*654 x 10'^’ 
dynes /cm respectively* In the case of the inolccule in llie gaseous state, these 
values are 90® and 3*88 x lo"' dynes/cm respectively. It is intereslijig that tlie 
angle in the solid state is apt)roxiniate1y equal to tlie tetrahedral angle ; also, the 
value of / has diminished a little from that in the liquid state. 

Investigations with other simple molecules at low temperature are in i)rogress 
and will be reported shortly. 

'i'he authors’ thanks are due to Pi of. I). M. Bose for liis kind interest in the 
work . 

Taut IvAiioiiAioKv or Piivsics, 

93, llri'i'.R C^iKCurAK Road, 
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INFLUENCE OF MAGNETIC FIELD ON TFIE DIELECTRIC 
CONSTANT OF LIQUIDS. 

Bv S. D. CHArniKJF.K. 

[Received lor piihlicaiiou^ :'oih 

ABSTRACT.— Tin’s paper c:ivcs a preliminary nrronnt of llie invest iLralioii io (leierniine 
file effect of niaj^neiie field on the dielectric eonslaiil of liiiiiids Tn a ina,i;nelic field oi the 
f)rder of ;>{> kiln^;anss an increase in tlu‘ dieli'ctric constant of nilroheiiyenc has heiai ohserved 
holh will'll the electric and mainietic fi(‘hls are iiiiituallv parallel or pirpeiidu iilar. Tn a nun'll 
nenker niaLMietic field no chaiyc^e lias heen ohserved in any of (lie hqiiids examined. 

The iiinucrjcc of iiiri^netic field on the dielectric constant has heen the 
subject of ser'cial investigations. Most of the inevioiis atten]])ls ’ were made with 
liaramagnetic gases and yielded null results. The existence of such an efl'ect 
howc\’cr, was detected in ani.sotropic liquids by Jezewski ® and others. ^ Recently, 
using the large Bellevue electroinagnct, Piekara and Scherer ^ have conclusively 
.shown that the dielectric comstanl of iiquidslike nitrobenzene, chloroform, carbon 
tetrachloride, benzene, hexane, etc., are altered in large magnetic fields of the 
order /] 0-50 R. gauss. Our experiment in this direction was undertaken as a 
sequel to our work on the influence of magmetic field on the coefficient of viscosity 
of liquids. •' Tt was found that certain class of polar organic liquids show positive 
or negative increase in their co-efficient (T viscosity in a magnetic field 
depending upon their structure. It was proposed to investigate other uon- 
optical properties of these liquids which are influenced by a magnetic field. So 
far it has only been possible to detect a change in the dielectric constant of nitro- 
benzene in a magnetic field of gb k. gauss, all other attempts in a much we.aker 
magnetic field being uusucce.s,sful. In view, however, of the results obtained by 
Piekara, it has been decided to discontinue, for the present, any further study of 
this ])articular aspect of the subject, pending the building up of a large electro- 
magnet suitable for this ty^ie of work. 

K X r K k 1 M i; N T A h M K T H 0 1 ). 

The apparatus is essentially a heterodyne beat freiiucncy arrangement (figure 
1). It consists of a quartz-coiitrolled oscillator A of wave-length 150 metres 
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and another variable oscillator B of about the same frequency (2x10).^’ The 
difference in frequency of about ro ^ is inched up by a floating aerial K and suitab- 
ly amplified. There is also a valve-maintained tuning fork I) of frequency 1024. 
When the heterodyne frequency approaches that of the fork, beat notes arc 
audible. It being usually more convenient to take visual observations, the output 
of the amplifier and the fork are connected to the mutually perpendicular plates 
of a cathode ray oscillograph C. The beats are thus rendered visible as rotating 
Jdssajous figures. The figure can easily be ke])t steady for about five minutes 
or more. 



Tf 11k- cnpacily is altcrc-cl to C + C. Hie incUiction rcmaiiiiug nnchaiiKccl, the 
freijucncy will be n + d n, whci'c 

d n _ I ( / C 


Tlicrefore, since a change of t per second can easily be detected, witli a 

dC- 

frciiueiicy of 2 x 10/' h is possible to measure to i part in 10 ‘h 

The hquitl comlciiser L consists of two parallel gokl-platccl brass strips, 
separated by tiny glass pieces. They arc fixed rigidly’ within a glass tube of 
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about 8 mm. diameter and 17 cms. length. Outside contacts arc made by plati- 
num wires sealed through glass. Tlius, by rotating the glass tube through 90“, 
the condenser can easily be jilaced in the same magnetic held with the electric and 
magnetic fields mutually parallel or perpendicular. The capacity of this condenser 
in ail was dctei mined by a capacity meter and found to l)c ti fifi F, A inici o- 
condeiisei is connected in jiaralle] to the liquid condenser in order to measure 
clian.yes in capacity and to adjust the frequency of the variable oscillator to a 
stationary Ussajous figure. It is provided with a micrometer screw arrangement, 
a dial and a pointei, Ihe dial is calibrated in terms of the change in the number 
of beat notes i^er second when the ]>ointcr is moved from one division of the st'ule 
to the next. The value of At is obtained thus : 

Let C] be the capacity of the test condenser in air. 

Co be the part of the cai^acity not influenced by the introduction of 
the liquid. 

C3 be tile capacity of the micro-condenser. 

Alien f:Ci “t C2 4 - = (<■- + At) C] + Cg + (C;{ — AC) when the same 

stationary figure is attained both before and after the magnetic field is put on, 

/. AC = At. 

A 

or At = — 

Cl 

AC is noted from the dial while Cl is determined from an independent measure- 
ment. 

A great amount of care has to be taken to keep the oscillating circuits 
al)Soliitely free from the influence of the big electromagnet. It is however, almost 
cuniiiletely overcome by shielding the electromagnet with an earthed double jacket 
of soft iron and taking the parallel leads from the liquid cemdenser to the present 
circuit (situated at a distance) through an earthed metal case, livery part of the 
circuit, incliidiiig the glass tube containing the condenser is carefully screened. 
Success in this direction is attained through repeated trials. 

In the preliminary experiments, a small electromagnet with a maximum 
field of only 2 k. gauss is used. No changes in tlie dielectric constant of 
any of the liquids tried is detectable. It is only in the case of nitrobenzene 
when a large l^uthcrford type of electromagnet with tapering pole-pieces 
and a magnetic field of k. gauss, is used, that the change in the dielectric 
constant is detected. 

u 
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PURIFICATION OF THE LIQUIDS. 

Extra pure nitrobenzene is fractionally distilled and kept over P2O5 for 
quite a long period of time. It is then distilled in vacuo at about 8 mm. 
pressure from a Claissen flask and sealed within an evacuated double bulb. 
Tlie latter is provided with a protruding limb containing the condenser. The 
liquid can thus be conveniently poured into one of the bulbs and l edistilled 
into the glass tube containing the condenser. 

Normal propyl alcohol is distilled over lime and redistilled over metallic 
calcium. 

Benzene is distilled over metallic sodium while carbon tetiachloride is 


distilled over calcium chloride. 





R E S U L T wS. 





At ^ magnetic and electric field. 

Substance. 

11 in K. G. 



i... 



Parallel. 

PerpendirulaV. 

Benzene 


Zero 

Zero 


Carbon tdrachloridc 


Zero 

Zero 


Propyl alc ohol (normal) 

3 

Zero 

Zer( ) 


Nitroben/eiic 


Zero 

Zero 


ff 

+ T’2 

+ T'2 



It may l)c pointed out in this connection that the sign of i]re change ill Ae 
is positive both when the magnetic and electric fields are mutually parallel or 
perpendicular. This is in agreement wjth the observation of Piekara. The 
magnitude of the effect is, however, about two and half times less than the value 
obtained from the graxili xilotted by him.^ The order of change of Ae- in most 
of the other liquides examined by Piekara is, however, too small to be detected 
with the present disposition of our apparatus and of the magnetic field at our 
disposal. 

In conclusion, the author desires to express his grateful thanks to Prof. 
D. M. Bose under whose kind direction this experiment was carried out. 
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ON THE LINEARITY OF THE LORENTZ 
TRANSFORMATION * 

By B. C. MUKHERJEE, M.A., 

Research Scholar in Applied Mathematics. 

(I) introdution. 

The importance of the lyorciit/, transformation formulae has led to exhaustive 
treatment of the same by various writers. The present paper is an attempt to 
establish the linearity of the transformation from simple arf>uments. In the 
original deduction of the transformation Kinslein ’ based the linearity on the 
homogeneity of s]iace and time. Frank and Kothe - considered the linear 
homogeneous group of transformations with a single parameter (the velocity), and 
showed that the Eorentz transformation corresponds lo the one giving the 
contraction of length, which must be assumed to be dependent only on Bie 
magnitude of the velocity, and not on its sign. Narliker •' has shown that if the 
transformation is to form a continuous group and at tlie same time keeps the wave 
equation invariant it must necessarily be linear, (b T. Whitrow ^ in a recent 
paper has deduced the Loreutz transformation from the correlation of clocks of two 
uniformly moving observers (the necessity for spacc-iiinr correlation being 
established), with the assumptions of the existence of an invariant vehx'ity, of 
equivalence, and of the second order dilTcrcntiability of the transformation 
function. The present treatment differs somewhat from all of these methods. 
For the sake of simplicity, the two dimensional problems, namely the one 
involving {x, t) only is considered Irerc. The linearity is deduced from the idea 
of the invariance of the wave equation. 


02 

da:2 ^2 dt2 


M. = 0 


in the two systems k and k', where k' has a uniform velocity v in the a;-dircction 
relative to k, and the assumption that when the velocity of k relative to k is v, the 
velocity of k relative to k' is -v. 

* Qomtnunicated by the Indian Physical Society. 
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(2) 

Tlic following result will physically appear to be plausible but as it is 
essential for our deduction a formal proof is given below. 

If llic ivavc-cqvalion in ihc k(x, i) system is transformed into itself^ the 
I') system, then («c + ct} is transformed either into <l>(x' + ct') or <p(x'+ct'),i> 
bei)!}; a function of its argument and corresponding signs being taken in each 
ease. 

Though analytically a diverging wave may be transformed into a diverging or 
a converging wave, the latter possibility is ruled out from physical consic^eration. 
Let us sui^pose that the transformation (.r', /') — Xa-, /) transforms tljie wave 
equation as follows 


52 _i 02^ 


0 (.v, t, v) 



I_ 02 
0<2 


w'here for generality we have taken <p to involve the variables also. 
The substitution 

^-X — ct, r] = x + ct, ^' = x' — ct', r]' = x'-i-ct 

0 

reduces (i) to 

8 rf 


where </> may be easily transformed to the tj variables. 
Taking $ and to be functions ofj^' and if, we have 



(2) 


d _^ + _ 8 '/ 8 

di' ee 8 £ 8 ^' 0 ^ 


... (3) 


dj 

BH 



8 

. dv 

dv 8® 

CO 

■Oj-J 

CD 

deBij' 

8^ 

di'di)' 

dr) 

di)' 

■ be dv^ 


di 82 



M. 

dv] 

6® 

d^' • 

dir' 

\ de 

* dv' 

di)' 

d^'/ 

d$di) 


pTom (2) and (4) follow 
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_ 0», 

at) 



atj' ■ 

dy' 

... (6) 

de 

dy ^ 5 £ 

at; j. 


af ■ 

b y' 6 

■ ai 

( 7 ) 


Equation (5) restricts $ and n to the ft.llowing form 

^ = /i(0 + /2(»?'). »; = h'i(t‘') + E2(>/) ... (S) 

Id order tliQt (6), (7) cUid (S) iimy liold, wc must luivc citlicT 


<" 15 ="■#=''• a,? 


or 




(fl) 

(b) 


The other combinations are incompatible with (7). We have from (8) by- 
virtue of (a) and (b) 

either 

(I) ^=fi(e). V=F2(’jO ... (g) 

or 

(II) i=j‘Av'), »?=Fi(^') (to) 

This proves the result staled above. 


( 3 ) 

We now ijrocccd to prove that the traiiKonnaliun is necessarily linear. Let 
us consider the two cases separately. When (y) holds, we put 

^=x — cl=Aix'—ct') ... (n) 

r) — x + ct=^{x'+cl') ... (12) 

Since the point (o, o) in both the systems is suppo.sed to be coincident, we have 

<^(o) = 0, and ^(o)~o. 

We now introduce the condition stated above thus. Firstly, w'e assume that the 
origin of k has velocity (~v) with respect to the observer in the /,■' systetn, so that 
when a: = o, x'^ —vV for all values of t'. 'ITiis gives from (11) and (12) 

0{-(c + v)l'>=-^{(c-v)t'> ... ••• (J3) 

for all values of t'. 
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Similarly from the condition that the origin of k' has velocity v with respect 
to fc we have, when x' = o, x = vl, whence 


0{ — ct'} c — v 

^{ci'} c + v 

Putting 

^ = y = ct', = — , 

7 c 

80 that /3 is a constant (independent of t'), we have from (13) and (14) 

Writing (16) as 

cK -ct'il + IS)}=- -/n Hcl'U + m 

1 + p 


(14) 



(15) 

(« 6 ) 


(17) 


JVC liave from (15) and (17) 

i-p 


whence putting c(i + ) 3 ^ = fc, cii-P) = k', so that {klk’) = {c + v)lic-v) = a>i and 
k't' = z, wc get the functional equation 

^(<xs) = tt^(z) ... ... ... (i8) 

;wlierc ^(o) = o ... ... ... ... (i8a) 

We have to find the solution of (18), subject to (i8a). 

Tt has been shown in this appendix that a unique solution with continuous 
derivative exists and is of the form 

where A is a constant. Thus ^ and hence also ^ is a linear function of its argu- 
ment. Sii ce (x—cC and {x + ct) are linear functions of x' and V the linearity of 
the tiansfoiiaatioji is established. 
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Let us now consider the case when (lo) holds, that is 
x~~ct — 0 {x' + ct') 
x+ct=x{x' — ct') 

As before, we assume that x x'= —vt' for all values of I', so that 
a:{ — (c + 7))0= 

and again when x' = o, x=vt for all i. Hence 

x(— ci') __c + v 
e{ct') c-v‘ ”* 


(19) 

... (20) 

••• (21) 


... (22) 


Putting 


H c 


so that jS is a constant, we have from (21) and (22) the following equations 

x{-c{i+m=-G{c{i-m 


I-p 


(23) 

(24) 


for all values of t'. 

Treating these equations as above we find the following functional equation 

e((Xz)=i- e{z) (a>i) ... ... ... (25) 

cx 

with 0 (0) = o 

It can be shown that a unique solution of (25) is given by Hence also X“0' 

This shows that equation (10) is inconsistent with the assumj)tion that if fe' has a 
Velocity v with respect to k, then k has a velocity with 1 aspect to fe'* The 
second possibility is thus physically barred out. The only allowable transfonna- 

tion must then be given by (9) and is a linear one. 

In conclusion, I beg to acknowledge iiiy sincere gratefulness to Prof. N. R. 
Sen for his kind help and guidance. 
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APPRNDIX. 


To find the solution of 

0(0(2) = CX 0 ( 2 ), (oC>l) 
Putting 0(0) = 0 


X{z)=~- 0(2) = 0' (2) 
dz 

we see that x(z) satisfies the equation 

X(z)=x(«2), («>i) 

We shall prove that x is a constant. 

Ijet us consider two values of 2, 21 and z^ and put 

Zi—(Xzi, Zg^ocgg, 

From (b) we have 


x(z,)=x(-|l-) . x(-^-)= x(-^i-) 





7 

and as — V'^o, (o(;:>i). 

a" 

Hence 

x(z.)=0x(z)i^^ 

Z on the right approaching zero through the values Zj, Zi/a, Z|/oi**...Zi/a^... 
Similarly, we can show that 

x(Z5)=ljx(Z)l^_^^ 

as Z approaches zero through the values Zg, Z2/o(, Zs/o^^, Z2/o(" Lotus 

now assume that x(Z) is continuous at the origin Z = o, then the two above limits 
on the right are the same so that 

XlZ*i) = x(Z2) = = constant. 

The solution of the equations (a) is thus 

0(2) = A2 


which was to be proved. 
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,We can deduce from above tHe solution of 

016(0(3) =fl(2), (o(§i) (c) 

with' 6(0) =0. 

The differentiation of the functional equation (b) gives 

ax'(«2)=x'(2). 

Putting X'(2) - 6(2) 

we get immediately to (c). The solution of equation (b) as wc have just seen is 
x(s)== const., whence 6(2) = 0, which also satisfies 6(0) = 0. The restriction on 6 is 
certainly satisfied if wc postulate that the solution is to be a continuous function. 

REFERBKCES. 

^ Einstein, Theory of Rclaiivily, 8th edition (1924). 

2 Frank and Rothc, Annalcu dcr Physfh, Ud. 34, Scr. 4, 825-855. 

9 Proreedings of the Canib, Phil. Soc., Vol. (28). 

^ Whitrow, Quart. J. Math. (1933), Scr. 4. 
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STUDIES ON CONSTANT PARAMAGNETISM, PART I.* 

By D. P. RAYCHAUDHURI AND P. N. SENGUPTA. 

(Received for publication. May 8 , 7936.) 

ABSTRACT.— The constant atomic .sufsceptibilities of the elements V to Mn arc found to 
depend on the number of electrons in the d shell in a manner analogou.s to the tiependcuce of 
the Bolir magneton numbers for these elements. The temperature eo-cHieient of snseeptibility 
has a very low negative value for compound.s like VsOj,, nhile it has a higher posi- 

tive value for KjCrjOT. Susceptibilities of VgOj in the amorpbou.s and the erystallini? states 
are different. 


The study of paramagnetic substances containing atoms of the different 
transition series should properly be divided into three sections according to 
the nature of the chemical bond holding the niagnetogenetic atom with the rest 
of the molecule. When such an atom is held by (1) a heteropolai bond the 
paramagnetic properties are defined by the theories of Hnnd, Hose, Stoner and 
Van Vleck and his co-workers. The magnetic behaviour is different when the 
bond is (3) homopolar or (3) metallic. While substances belonging to class (j) 
show a dependence of susceptibility on tem])erature given by the Curie- Weiss 
Law, that for classes (3) and (3) is either (a) comi)]ex or (b) practically in- 
dependent of temperature. Known examples of (h) are many metallic elements, 
and a few compounds like KMuO^, K2Cr2(.)7, luteocobaltic chloride, V^Or, and 
some others, all containing atoms of the transition .series. 

The susceptibilities (x) of some such compounds at room temperature together 
with the atomic susceptibilities (x* ) for the niagnetogenetic atom as determined 
from X are given below. 

Table i. 


1 

X-io* 

Xa - 10 ® 

TiOj (amorphous) 

•074 

I5T 

VjOs 

•338 

42*3 

V2O6 (crystalliue) 

'324 

41*0 

V2O5 (amorphous) 

(’354) 

437 

NII4VO3 

'120 

40 ' 3 

(163) 

44’S 

NaVOa 

'160 

40'6 

(■193) 

44’3 

KMn 04 

64-4 

56'S 


•153 

580 

K 2 Cr 207 

■108 

'13 

47'8 ^ 
(50-6) 

633 

54 


I 


Aiilbor. 


This work 


I'crrakis ^ 

This work 
Terrakis ^ 

This work 
I’errakis ^ 

Ishiwara ^ 

Collet 3 
I'his worlS 
This work 
Ikrkman & Zoclicr 
Weiss & Collet 
Gray & Dakers 


* b^orc the Indian Physical Society on 13th December, 1935- 


2 
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The x< values are either Riven by the respective authors or have been 
calculated from their data by these authors, in which case they have 
been put within brackets, on the basis 0 = 4-6, NHi = 12, Na^ = 7, = 16, 

all in units of 

The thermo-magnetic behaviour of some of the compounds belonging to 
this class has been studied by the authors from room temperature to about 500*^0 
or less where decomposition sets in. The measurements were carried out by 
the translational method of Weiss and the ap]:)aralus used was the same as that 
described by Foex and Forrer in Jour, de Physique^ 7 , r8o, 1926. The upper 
limit to the error may be placed at 2% for absolute and less than 1% for rela- 
tive values, though the actual errors are considered to be less. To ca|'ry out 
the measurements a known weight of the substance is packed in a gia^s tube 
(which has previously been calibrated at dilTereiil temperatures), placed\ in a 
non-homogeiicous magnetic field and restored to its initial position by 
electrodynamic action when the field is excited. The current necessary fo\ this 
conipensation is a measure of the force displacing the specimen, and hence of its 
apparent sUvSeeptibility. As the observations are made in atmospheric air this 
apparent su.sceptibility with respect to air can easily be converted into the true 
value when the susceptibility of air at different temperatures as also the den- 
sity of the material is known. When the force is too small to measure the com- 
pensating current wdth accuracy the deflection itself may l.)c taken to be propor- 
tional to the force. In that case the working formula may be written as follows: 

■” do 

"'^true d 2 ~~d^ p 

m2 

where do = deflection due to glass tube alone at the temperature of the experi- 
ment. 

di= deflection due to glass tube and material at the temperature of 
the experiment. 

in I = mass of the material taken. 

d2 “deflection due to glass tube and standard substance at the above 
temperature. 

d3 = deflection due to glass tube at room temperature. 

= of the standard substance. 

A" = volume .susceptibility of air at the temperature of the cxi^criment. 

P==deTisity of the material under observation. 

X mass susceptibility of the standard substance. 
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The standard substance taken is conductivity water for v-hidi x is taken to 

be -719.10 and the volume susceptibility of air at tX is taken to be i-i veil by 

the relation 


2^6^10 ^ 

(273 + t)2 


(kandolt and Bornstein’s 
Taljlcs, Vol. 2) 


The correction factor -- is of the order of 
computed when low susceiJtibilities are concerned. 


■01. lo and must be carefully 


RESUbTS. 
Table 2 . 


V2O5 (cryst.). 


'I'ciup. 

XI -of' 

Temp. 

X'li)*'' 

Ttnjp. 

X'lu® 


■331 

i«3 

■3 >5 

317 

■312 

61 

■320 

212 

■3M 

363 

• 

■310 

96 

•319 

\ 

253 

■3M 

.3V(> 

■3 IX 

124 

•319 

286 

*313 


■3jfi 

156 

317 










‘3<^9 



Table 3. 





V2O5 

(amorphous) . 



Temp. 

X-IO® 

Temp. 

X-lo® 

Tciii]), 


30‘C 

'337 

213 

■332 

363 

'329 

96 

'33^i 

253 

■332 

aw 

■329 

132 

‘335 

287 

■330 

‘148 

‘327 

181 

■333 

315 

•33 X 

508 

328 
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Table 4. 
NH4VO3. 


Temp. 

X-io® 

Temp. 

X-io® 

Temp. 

X'io« 

SI’S'C 

'120 

•536 

'122 

84-8 

•130 

38-5 

■120 

62-8 

•124 

96-5 

•i33 

46-4 

■121 

75*2 

■126 

102 '4 

^136 


'J'able 5. 

KM11O4. 


Tetiip. 

X'lo® 

Temp. 

X-io' j 

Temp. 

X-io® 


30'2"C 

■160 

88-2 

*157 

152'0 

■153 


48-5 

•158 

T 02-5 

•156 

163-2^ 

•153 


• 56-4 

•159 

T 23 -f) 

*155 

172-5 

'I53 


69'8 

•iS8 

136-8 

-T55 

iQo's 

'162 



Table 6 . 


K 2 Cr 207 ' 


Temp. 

X-io' 

Temp. 

X’lo® 

Tcmi). 

X-IO® 

29'6“C 

■to8 

1 

1 214 

•120 

362 

■125 

63 

‘IIT 

256 




85 

•II3 

■122 

390 

•125 

122 

Tt 5 

289 

'I23 

402 

•122 

165 

'I17 

328 





• 

•124 

450 

•124 





495 

•125 


Ti02 — Tliij matcri!..! was prepared by the action of ammonia on TiC^ and was 
amorphous. The precipitate was dried and heated at 4 oo'’C for about 
an hour. 
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VsOr,— The amorphous powder was prepared from Merck’s NH^VO^ by pro- 
longed heating at about iSo^C. When decomposed by heating at 
highei temperatures traces of other oxides of vanadium, which arc 
moic paianiagiiclic, are fonned. These can again bo oxidised to 
form V2O:, by adding HNO3 and re-heating at rather low 
temperature to drive away the acid. 

The ciystalline variety was prepared by melting the amorplious substance 
(at 66o°C) in a platinjuin crucible. 

It is to be noted that there is a difference of 1-3 units in the Xi. values of 
the amorphous and crystalline varieties. We shall come to this later on. 

The results show that for both the varieties, amorphous and crystalline, 
there is a reduction in the x value amounting at 500° C to about 4% of the values 
at room temperature. 

Our values for Xa are in each case lower than Perrakis’ as may be seen from 
tablet. In the course of preparing amorphous VgO 5 by the method specified 
we found values for X'lo*' = 'SSS, '3431 the piogressive lowering correspond- 

ing to a gradual lowering of the temperature at which NH^VOs was reduced. 
The purest we could get had a value x ~ •338-io“‘’ when healing took 
place at a temperature below 2oo°C. This on re-heating with HNOs gave the 
same value. Ai)art from the question of the presence of other more paramagnetic 
oxides, it may so happen that for the amorphous variety the susceptibility 
depends to some extent on the size of the particles. 

NH^VOs — ^’Phe material was Merck’s preparation. It begins to decompose at 
about so^C. Within tliis short range the result shows a constant 
paramagnetism . This is in conformity with Perrakis’ observations 
(loc. cii.), whose measurements extended from i7°C to 45“C. 

KMn04— The material was Kahlbaum’s preparation ‘ for analysis. ’ It gave at 
first a X vaiue = -2i5-ro“‘' whence the value came out to be 
66 4 10"“. This was ill agreement with Isliiwara’s value 0164-4. 
But as Collet has remarked that she fomid a value of 56-5 after 
repeated re-crystallisation w'c follow'ed a similar procedure. After 
re-crystallisation the x value lowered and came to 57‘7- I his ob- 
servation incidentally removes the discrepancy between the values 
of the above two authors. 

Chemical evidence shows that evolution of oxygen begins at 
about i 65*C producing MnOa as a product. Our magnetic evi- 
dence is in conformity with this. Above rso°C the slight lowering 
of the X value of KMn04 is practically balanced for a small range 
of tempetature by the higher susceptibility of the MnOg produced 
and from about 175“ C the x value begins to increase. 
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KaCraOf — This is also Kahlbaum’s ' for analysis.’ The behaviour of this salt is 
different from that of the others in that here is a gradual increase in x 
Tvith temperature. This increase continues up to the melting point 
(cir. sgS^C) (where it amounts to an excess of about i6% over tlie 
room temp, value), beyond which there is a slight reduction. 
Here also, as in KMnO^, recrystallisation lowered the value. As 
may be seen from table t the values are lower than those fomid by 
other authors. That the gradual increase does not arise from 
gradual decomposition is manifested by the fact that the initial 
value of X is regained on cooling. To be sure about the result the 
measurements were repeated on three different samples, jeach in a 
different ampoule, and eight independent sets of readings were 
taken with them. Gray and Bakers® expect on certain) grounds 
that the polychromates should have a positive temperature 
coefficient. 


CONCLUSION. 

From the results of our measurements we conclude : 

(1) Some substances showing the phenomenon of constant paramagnetism 
have a negative coefficient of susceptibility, the mean values of which ; are as 
follows ; — 

V2O5 (amorphous) — b-io"-'^, V2O5 (cryst.)-8-io~^’, both between 30“ and 
500°C; KMu()4-3'Io~'’ between 30" and ibo^C. The rather high value for 
KMnO^ may be due to some undetected paramagnetic impurity. 

(2) k2Cr2t) 7, however, has a positive coefficient which is higher in value 
than the negative values. (Mean value = 3-1 -lo" ' between room temperature 
and 4oo‘’C.) 

These values may becomjiared with the temperature coefficient of susceptibi- 
lity for regular paramagnetics, which is of the order of —37.10 

(3) For the consecutive elements Ti-Mu in the first transition series the 
constant atomic susceptibilities as determined from their oxides show a gradual 
increase with atomic number. 


At. No. 

Blement. 

X/106. 

• 

22 

Ti 

15 


V 

40 


Cr 

48 

25 

Mil 

55‘7 
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A parallel behaviour occurs for regular parainagnetics {i.c,, those obeying the 
Curie- W^eiss Law), where the magneton numbers gradually increase with 
increasing nmnber of 3d electrons in the ion.* 

(4) From the above similarity of behaviour we can risk the suggestions 
that: — 

(0 Iron, cobalt and nickel will have a constant atomic susceptibility in 
('ompounds where the valency is fully saturated. These values will diminish in 
the order iron-cobalt-nickcl. 

Moreover: 

(a) vSuch a compound will be paramagnetic or diamagnetic according as the 
l)aramagnctic atomic suscciAibility of the transition element is greater or less than 
the total diamagnetic susceptibility of the rest of the inolecule. 

(5) The Xa vedue is not an absolute constant for the atom, but is suscep- 
tible to changes in the crystalline field, as is manifested by the different values for 
amorphous and crystalline VgOs. 


DISCUSvSION. 

( )ur values for differ slightly from those found hy other observers, being 
lower than theirs except only for Mn Avhere it is higher by only r*2 units from 
Collet’s value. Discrepancies occur in correcting for diamagnetism, as some of 
the authors do not state the values used by them. It is to be noted that para- 
maguctic contamination of water or of the material should increase the x value 
and not diminish it. 


Indian Association for the 
Cultivation op Sciicnce, 
210, Bowbazar Strkkt, 
Calcutta. 


^ This has been pointed out by the authors in Science and Culture, 1 , 587, 1936 and the 
analogy of behaviour extended to other transition series vide, Ray Chaudhuri and Das Gupta, 
Science and Culture, 1, 654, 1936. 


R K F E R E N C E S, 

^ Jour, de Phys., 8, 473 (1927). 

Sc. Rep. Tohoku. Univ., 4 , 215 (1915). 

^ Compt. Rend., 183 , 1031 (1926). 

< ZcIL f.Phys. Chem. (A), 124 , 321 (1926). 

** Compt. Rend., 181 , 1057 (iQ^s)- 
^ Philt Mag., 11 , 297 (1931)* 
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Diamagnetic compounds containing a transition element. 


By D. P. RAYCHAUDHURl and P. N. SENGUPTA. 

( Received for pablication, May 13, 1936 ) 

ABSTRACT,— From a study of the co-ordination compounds of Uie dilfelcnt (ransition series 
of elements it is found that the atomic mac;ncUc susceptihility of the ma!;;iU'toKcnclic atom is 
not a constant. It has a higher value when the groups associated havt- a high dipole 
moment, h'or simple compounds the value depends on the type of binding as also on tJu- ele- 
ment in combination. 

In Part I of the work’ we have suggested on certain giounds that iron, colialt 
and nickel will have a constant paramagnetic atomic snsceidibility in compounds 
where the valency is fully saturated, and that .such a compound w ill he para- 
or diamagnetic according as the value for the metal atom alone exceeds or 
falls short of the diamagnetic susceptibility of the rest of the molecule. 
We expect the Xa values to be smaller than for Mn, and hence excejd when 
combined with very light elements to form a saturated com])ound, such a 
molecule will not have a resultant constant i)ai amaguetisni, but on the other 
hand will be diamagnetic. These expectations are generally realised in the 
co-ordination compounds. 


Iron. 

A large number of co-ordination compounds for iron are diamagnetic. 
We have collected together the x value for a number of such compounds 
by different authors and calculated the Xa value for iron fiom them. Iheie 
is some uncertainty in making allowance for the diamagnetic susceptibili- 
ties of different atoms, ions or groups. Only relatively accuiate data have 
been accepted. In some cases they have been found out by e.vperiineiit. 
These values together with the sources are given in table 2 below. 

* Read befort the Indian Physical Society on 9th April, 1936, 
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Table i. 

(lyisl of values used for diamagnetic correction.) 


Klement or group 
iu combination. 


Values available. Values accepted. 


Source. 


Pascal 

Abonucnc^ 

This work (vide infra) 

Stoner3 

Kido< 


Abonnenc ^ 
Kido 4 


Van Vleck'^ 
Stoner 3 

Abonnenc^ 


Stonner 3 

Abonnenc ^ 

Stoner 3 
Abonneucc 

Kido 4 
Stoner 3 

This work (vide infra) 


Kido 4 
Stoner ^ 

This work (vide infra) 


% } 


Kido 4 

1'his work (vide infra) 
Kido 4 

Stoner^, Abonnenc* 
Kido 4 

Weiss *3 
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The following table gives the value for iron for a number of its co- 
ordination compounds. Xm is the molecular susceptibility of the substance. 


Tabi^e 2. 



-X’lo« 


+ x^ -106 

Author. 

I, 

HiFcfCN), 

■328 

70-78 

i8-8 

■ 

Web* 

2, 

K 4 Fc(CN)b 

■366 

134-8 

192 




■365 


191 

This work 

3. 

K 4 Fe(CN),, 3 HjO 

■408 

172-3 

20*7 

Web* 

4 - 

Nai Fc(CN)c, Q'sH-iO 

■474 

225-1 

18 ‘4 


5 - 

Na 4 Fe(CN)s 

■340 

I 03’3 

16-8 

f> 

6. 

Ca,Fe(CN) 6 , lolIaO 

■465 

223’6 

28-9 

1* 

7 - 

Naj Fe(CN )6 NHj, 4-2 11,0 

■379 

131*6 

304 

9* 

8. 

NaBre(CN) 6 S 03 , 8 - 8 HaO 

' -393 

2II'9 

37 ’S 

1 ” 

9- 

Na,Fe(CN)BNO. 2 HjO 

•348 

103-6 

24-4 

1 ” 

10. 

Na4Fe(CN)6NO,, 7-5HaO 

•364 

167*0 

48-5 

n 

11. 

Na3Fe(CN)iiH,0, 3-3H;0 

*229 

71-9 

69 

1 M 

12 . 

Fe(CO)s 

•384 

75'2 

7-8 

99 

13- 

Fe,(CO), 

'29 

105.4 

24*7 

Berkniaii & 






Zorher 7 



•37 

i 34‘5 

10-2 

Freundlich * 

14. 

K3Fe(CN)sCO 

■26 

90 

51-9 

Kleiiimjacobi 






Tilk « 


A study of the above table shows that for the hexacyanide;S (compounds 
1-6) all the x* values are remarkably close to each other, the average being 20'4. 
Compound 6 gives a rather higher value and if this is left out the average is 
l8-6. 

For the pentaeyanides the values of x* are all different and generally higher 
than for the hexacyanides. It appears that x* is lower for more energetic bindings 
(CN, NO, NHa) and higher for the weaker ones (H2O, NOa). 
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Table 3- 
Cobalt. 




-X-106 

-Xm '10® 

-rx„ ■lof- 

Author. 

1. 

K4Co(CN)6 


142-3 

11*7 

Ray’*' & Bhar ^0 

rt 

K3Co(CN)g 

■303 

101-3 

38-2 

• 1 ' 



•37 

122-8 

1 i6*7 

Biltz “ 1 

3. 

NniCo(CN)r,v8203 

•35^’ 

1327 

34*1 

Ray & Bhar ^ 

4. 

Na4Co(CN)582<->3. H.3O 

•388 

j IT3‘2 

29-6 

” \ 

5- 

K^ColCNjsSAt 

■355 

162*4 

14-4 

'I'hese authors \ 

6. 

RbiCotCNlsSaO;, 

•3T4 

201-4 

13-4 

Ray & Bhar^o 

7- 

C.S4 Co(CN) 6S203 

•289 

240-4 

22-4 

f* 

8. 

Tl 4 Co(CN)(,S 203 

‘ '229 

260 

i8-8 

i ^ 

9. 

Co vS20s(Nn3)5Cl 

•276 

80-3 

61-5 

II 

10. 

Kf [Co (CN) 512803 

•392 

371-4 

1-8 


II. 

[CoiNIIalslCIa 

•47 

125-7 

3-3 

Bcrkman & Zocher ^ 

12. 

[ColNHalsClJCla 

' ‘53 

T32-7 

-13*7 

II 


[Co(NIl3)d (N02)2]C1 

19 

4^7 

437 

II 

14. 

[Co(NH3)2 (N 02)4lNIl4 

•oS 

33-6 

60-8 

II 

15. 

Co[g”>Co(Nn3)4]Cl6 

•00 

166 

38-0 

ji 


* Our thanks arc due to Mr. Ray for informing us that in thi.s series of measurement.'! 
the air correction has not been made. The x values as appear in table 3, have however 
been corrected by the present authors from Ray’s data. 

With only one exception (compound No. 1 2) all the compounds give positive 
values for x* ; but the results are not as consistent as in iron compounds, where 
our thanks are due to the careful measurements of Welo. It is desirable that 
such careful measurements be undertaken for all the diamagnetic co-ordination 
compounds. Compounds 3-8 have the same structure and give a mean x* 
value = 22 . \ .10””. Compounds 5 and 6 were carefully studied by th’is author and 
the allies are in both cases lower than the pcntacyanides of iron, a fact in 
conform' fy with our expectation. 
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Tabi,e A - 
Nictel. 



-X'lo' 

-Xj, -lo* 

+ X^ -10® 

Author. 

I, KjNi(CN)i 

■49 

ii8*o 

“25-4 

Biltz » 


■25 

60-3 

327 

Ray & Bhar 

2. KjNiiCNiiHjO 

■57 

I/17-6 

-44-2 

Biltz » 

• 1 

■35 

907 

T5'3 

Ray & Bhar 


While there are not sufficient data, the existent data are conflicting. So 
no conclusion can be drawn. 

Below are given data for some other clcmeinents or the transition scries: 


Table s- 
Titanium. 


j +X'io® 



Author. 

I. Tic* (Eindhoven) 

•5 

30 

36 

Klemm & Schutb 

,. (Osram) 

■I 

6 

12 

f 1 

a. TiN* (Eindhoven) 

•6 

49 

56 

>» 

3. K4TiF6 

-•265 

-61 

17-2 

These authors 

4. TiO,* 

•066 

5'3 

M-5 

Int. Critic. Tables'* 


•073 

6-2 


These authors 


Compounds i & 2 are metallic ; compound 3 is a "normal complex.” 

It appears that x* , though positive, depends on the type of the binding as also 
on the dements or groups associated. 

For vanadium, see table i, Part I of this work. 


• Paramagnetism mdependenf of temperature. 
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Table 6. 
Chromium. 



+ x-io« 

+ Xji lo* 

+ 

X 

> 

H 

Author, 

I. Cr (CO)6 

•05 

lo 

89-6 

Klemm, Jacobi & Tilk • 

2. KjCrjO/ 

■ioIb 


aS 

These authors, Part I 

99 

*19 

54 

S 7'6 

Gray & Dakers 

1 

9 * 



63*3 

Weiss & Collet 1 

99 

’T 3 


50-6 

Berkinan & Zochcr y 

3. KjCr04 

•04 

7-8 

55*2 

Welo « \ 

' 


0 

47'4 

C ray & Dakers \ 

4. K2Cr30io 


98-6 

57*9 

Welo ® 


'241 

95 

56'3 

Grey & Dakers 

5. CrOj 

■41 

41 

54*8 

99 


Tabi.e 7. 

Molybdenum. 



+ X'lo® 

+ Xm -io® 

+ X;, lO® 

Author, 

M0O2 

0*33 

42-2 

51*4 

W edekincl & Plorst '6 

•09 

11-5 

20*7 

Berknian & Zochcr ® 

M0O3 

•31 

•876 

41 

50 

Tjabl)c\s 17 

Wedekind & Ilorsl 1® 

■12 

17-2 

3 i '3 

Berknian & Zocher 7 


'02 

3 

17 

Tjabbes 17 

M0O3H2O 

— 'OI2 

-i '9 

ii-i 

St. Meyer 1 ® 

M0CI3* 

■21 

43 

104 

Tjabbes 17 

MoOjCla 

-•14 

“28 

25 

If 

ss 

l-l 

« 

0 

-•18 

-46 

27 

99 

MoFft 

-•124 

— 26 

16 

Henkel & Klemm “ 

MoSj 

-•48 

-77 

-47 

Tjabbes ” 

M0S3 

-■361 

-68-1 

-24 

St. JTever 

MoOjCl 3 (C 5 H 6 N)ii 

-‘32 

-90 

16 

Tjabbes ” 

MoOalSCNlj (CjHeN), 

-'42 

-194 

3 

If 

Ba[M(.f) 2 (CiC 4 )] 35 ll 20 , 

-■23 

-76 

T 7 

If 

Zn (NHa)4 MoOb 

K*[Mo (CNjg] allgO 

-•25 

-89 

31 

f i 

-■381 

— 189*2 

22*8 

Welo ® 

-■295 

- 146’5 

65*5 

Ray & Bhar i® 

Mo (CO)6 

-•28 

- 73-9 

257 

Klemm 


' Suckstuilh (Phil. Mag., H, 1131, 1932) found for this compound a paramagnetism 
normally J^pcudeut on the terperature, l.e., obeying a Curie Weiss Law. 




Studies On Constant Paramagnetism 259 

THe values given by Tjabbes and Welo are believed to be more accurate. 
It appears that except for the sulphides the Xa value is everywhere positive, but 
the magnitude is not a constant and depends on the valency as also on the element 
combining.* 


Table 8. 
Tungsten. 



-»■ X’lO* 

+ 

+ Xa -10* 

Author. 

W02 

•398 

86 

95'2 

St. Meyer 

W03 

•30 

46-4 

6 o-2 

Bcrkman & Zocher ^ 


-•193 

- 44-8 

-31 

St- Meyer ** 

HaWO, 

— 'I64 

-41 

-21-6 

If 

WFc 


-40 

2 

rienlcel & Klein m >8 

WCle 

-■14 

- 55*6 

64 

Berk man & Zocher ^ 

WC 


9*8 

t 5’8 

Klemm A Schiilh 

KiW (CNls-aHaC) 

-■43 

-231 

-19 

Biltz & Wedekind 


-'365 

- 213*3 

- 1*3 

Welo • 


-•355 

- 207*5 

4*5 

Ray & Bhar 


* In calculating have in this paper nowhere made allowance for the diamagnetism 

of the atom itself. If this is done all the x^ valuc.s (c.g., the sulphides of Mo in this case) 
come out positive. 


Omitting St. Meyer’s values we find generally positive values for Xa . The 
octacyanide is a doubtful case. Biltz’s values are always higher than those 
obtained by other workers. Accepting Wclo's values, generally accurate as they 
are, it is found that the Xa value, though negative, is less than the diamagnetic 
susceptibility of the atom itself. Hence, there must be a paramagnetic contribu- 
tion to susceptibility. 

Data for other elements of the different transition series are very meagre. 
A few, as have been available, are given below. • „ . 
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Tablb 9. 



+ X* 10 * 

+ Xm -10® 

+ Xi -10* 

Author* 

Zr (NOsli 

-•18 

-76-9 

+ 60 

Berk man ft Zocher ^ 

ZrC 

— *22 

-227 

— 167 

Kletnm & Schuth ** 

NbitOs 

-■04 

— 107 

+ 6*1 

it 

TajOfi 

-•07 

- 3 Jt 

- 4 

it 

TaC 

+ ■45 

+ 86*9 

•+ 92.9 

1 

1 

RhCh 

-•0825 


+ 45-5 

Cabrera ft DuperieV 

racij 

-•209 


+ 3'4 

.. \ 

OsCl, 

+ •158 


+ 82*8 I 

\ 

IrClj 

-■048 


+ 47-2 


PtCh 

-•21S 


-17*4 

it 

RejOj 

- -032 

-I 5-7 

8*2 

Perrnkis ft Capatos 20 

KReOi 

-•119 

-34.4 

- 1-5 

it 

KRCO4 

— •11 

-31*8 

+ 1*9 

Klenim ft Schuth 21 

NH4RCO4 

-•150 

1 

0 

1 

M 

0 

Perrakis^^ft Capatos 20 

ThO* 

•03 

7*9 

17*1 

Bourioii & Buan^* 

UFfl 

+ *12 

43 

«5 

Henkel & Klcmni 


A few other scattered data are available. The feature of iiitciest which 
comes out from the whole study is that the value for the transition clement is 
positive, or, if negative, it is less in value than the diamagnetic susceptibility of 
the atom itself, showing that there is a paramagnetic contribution. 

Objection may be raised to (i) the mode of the diamagnetic corrections 
made above, and to (ii) the values employed for them. As for (i) it may be said 
that the same method of correction employed to elements other than those belong- 
ing to the transition series does not give a xa value which is positive, or definitely 
less than the diamagnetic susceptibility of the atom itself. F'or examples may be 
cited such compounds as KAg‘{CN)2, X= “ -So.io-®, K3Cu(CN)4, x= “ -56.10-®; 
K2Hg(CN)4,X=--4^-io~®;^2Cd(CN)4, x=-- 47 -io'‘’- Instead of these com- 
plexes simple chemical compounds may also be tried. 

(it) As for the values employed it must be admitted there is a degree of un- 
certainty in them. The values obtained for x* for the same ion by different 
observers ar ■ not identical. We give a little later our justification for the values 

employed. 
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Moreovep, the diamagnetic susceptibility of an element in combination is 
difiFerent for different types of binding. The type of binding is not everywhere 
known with certainty. The authors, however, arc of opinion that such uncer- 
tainties are not likely to change the evaluated value by more than 5 txnits. This 
uncertainty does not invalidate our conclusions made earlier. 

JUSTIFICATION FOR TIIF, VALUES ACCEPTED FOR 
DIAMAGNETIC CORRECTION. 

H— AsII^ it has, according to Weiss‘S a value equal to H-i-i.io"®. 

This value has been taken for H\(Ke(CN)(; and IIaW04. H in 
homopolar binding, as in organic compounds, has, according 
to Pascal, a x^ value equal to — 2 q.to~'\ In our studies we had 
to consider only hydrogen in combination with nitrogen to form 
NHa and NH4, and values for such groujxs were determined. 

O— X* ~ — 4-6.10“'" according to Pascal. The binding is everywhere 

taken to be homopolar and this value has been employed. The differ- 
ence in the diamagnetic susceptibilities of a compound with oxygen 
in homopolar binding in one case, and ionic in another is not much. 
As has been said earlier, this uncertainty exists. 

F“- Value obtained by Abonnenc ® has been used. 

Xa = -8-2.10”®. Plis cvalution is based on the x* value of Cl“ 
which is taken to be — 23-1.10”'’. Many observers agree in Cl” having 
a value of —22.10”® in solution to wliich Weiss adds — i-i.io~® as correc- 
tion for H^. 

Cl“— Weiss’ value of -23-1.10”® above for the ion. 

Br”- Flordal and Frivold^’' made a careful determination of x for some 
alkali and alkaline earth halides. Their values agree with Abonnenc 
and give XDr-= —34.10”®. 

CN”- The value as given in Stoner’s book (Magnetism and Matter) is 
-16.10”®. We made a determination of x„ for KCN which gave a 
value of -3i'io”®. If Xji+ is taken to be -is's.io”® (vide infra), 
Xcu= -15-7.10”®, in agreement with the value given. We however 
accepted the value —16.10”®. 

CO — Direct determination for the gas does not exist. Instead of attempting 
it we computed the value. CN” has a value of — 16-10 ®. CO is 
likely to be slightly higher considering that there is an electron more 
in the molecule. - CO3 has a value —26.10 '' f Stoner, Magnetism 
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and Matter, p. 271). Subtracting the value for two oxygen atoms in 
hoinopolar binding, i. c., —9-2.10“®, wc find a value for Xro = “ i6' 
S.io“®. Moreover, gaseous a valued,, = — 21.10“*® (Stoner, 

Magnetism and Matter, p. 274), whence deducting for one oxygen 
atom, we get Xto.= — i6-i.io“®. So we accepted the mean value 
Xco = -i6'6.io"®. 

N(j— The free molecule is paramagnetic. But in combination the odd 
electron is coupled with another to form an electron paii bond. The 
diamagnetic value will be about the additive values of the two atoms, 
— (b + 4'6).io“®. The value for NO^ is given by Kido ^ as —18.10“®. 
Making allowance for two oxygen atoms gives a value of — SfS.io”®. 
The value found for NO 2 by the authors is -14.10“®, showiAg that 
allowance for the first oxygen atom is 4. For the second it is pipbably 
the same. So we accepted the value = — 10.10“ \ 


)Z— A value of 


has been found by these authors from measure- 


ments on K.NO3 and NaNOa. 

The authors find from NaNO;j and KN():i 


— i8-4.io' 


■- From Na2S03 and K2SO3, Xg^,-- is found to be -aS ^.io ®. 

0 

From Na2S203 and K2S2O3, Xg,o^- is found to be -38-8.10“®. 

As has been taken as standard in determining the values for many 
radicals from measurements on .solid salts, it requires some discussion. 
The values given by different authors are as follow's ; 

Slater (theoretical)^® -14-2, Hartree (theoretical)^’^ — 17-3, Joos“® 
(Tvxptl.) —14-5, Ikenmeyer — 16-9, Pascal and Pauling — 14-5, 
Abonncnc^ — 16-3, Stoner'^ — 15-4. All these values give a mean of 
“■i53’> wdiich has been accepted. 


ORIGIN OF TIIF PARAMACNKTIC ATOMIC 
S U S C K P T I U I Iv I 'I' Y. „ 

It is evident that this phenomenon of small atomic paramagnetism is an 
interatomic one, and as far as this study goes, connected with ' d ’ electrons 
only. Probably, in the presence of the interatomic electric field the distribution 
of charge on the atom experiences an asymmetry (or, in other words, the atom 
is polari.sed), and that this polarisation is rather strongly marked for ‘ d ’ elec- 
trons. Support is lent to this hypothesis by the fact that Xa value is liighcr 
for the co-ordination compounds with the groups H2O, NH3, etc., i.e., with 
groups of high dipole moment. 
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The application of the new quantum lueclianics by Van Vleck to the 
problem of the magnetic moment of diatomic molecules lias brought out the 
fact that the presence of more than one centre of attraction causes a fluctuation 
of angular momentum between the electrons and the nuclei which contributes a 
paramagnetic term to the total magnetic susceptibility of the molecule. Stoner 
and others have suggested that the constant paramagnetism as studied by us 
has its origin in this fluctuation of momentum. Tlie magnitude of this 
paramagnetic contribution has been calculated by Van Vleck and Frank for 
the hydrogen molecule and found to l)e about io% of the diamagnetic contribu- 
tion. This term, however, is found to be rather susceptible to tlie eigenfunctions 
used in the calculation. Witmer using the eigenfunctions for the Ho molecule 
given by James and Coolidge finds the contribution to be about one-ninth 
that found by Van Vleck and Frank. In any cuvSe, the magnitude of this para- 
magnetism is much smaller than the diamagnetism of the molecule and is not 
large enougli to account for the paramagnetism of the compounds studied. 

In accordance with the hyi)olhcsis that this atomic paramagnetism is a 
polarisation effect, we should expect the value to diminish as the temperature 
is raised. Tin's has been ex])eri mentally found to be so for V2O5 and KMnO^. 
We have also made a study for K4Fe(CN)(j (anhydrous). I'lic results, as given 
below, shon' a diminution in accordance with the hypothesis, KgTiFc has also 
been measured. The results are given in table 12. 


Table ii. 


Temperature Effect of K4Fc(CN)n. 


Temp. 

Mass Susceptibility x io*>. 

3o“C 

—‘365 

^9-8 

-•366 

7 o '3 

—•368 

So'S 

—‘371 

1 II '2 

— 374 

i34'8 

—■375 

i6o'7 

—■378 

I71’2 

—'389 

190*4 

“■351 

2II'2 

—■332 
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TaBIvE 13. 

KfriFfi. 


Temp. 

— X^o®. 

Temp. 

— X'lO®. 

27'c 

'265 

350 

270 

60 

‘266 

400 

'271 

100 

■267 

450 

■271 

150 

cc 

500 

•272 1 

1 

200 

■269 

550 

•272 \ 

250 

'270 


\ 

300 

’271 

i 

\ 

\ 


The increase in diamagnetic susceptibility shows a reduction in the parniag- 
netic value. 

Of the substances investigated the only one showing an increase with 
temperature is K2Cra07. This increase in paramagnetism is consistent with the 
properties of pot. dichromate as pointed out by Gray & Dakers I* and detailed 
below. 

The stability, of the polychroinates increase in the order 

(CrOs)^ — ^K 2 Cr 40 i ;t — ^KgCraOio — ^KaCr207“"^K2Cr04 

KOI! KOH KOH KOII 

Gray & Dakers have shown that with this inciease in stability there is associated a 
lowering of the paramagnetism in the oxygen-chromium bonds. Associated with 
this change in stability there is very often a change in colour from black-»-red->- 
yellow-»-...to white, looser structure corresponding to greater absorption of 
visible light. In the present instance (i.e., for the chromates) the colour changes 
from the dark red of (CrOgjn, through the slightly less dark of K2Cr4Gi 3 and the 
brighter reds of the tri- and di-chromates to the -bright yellow of K2Cr04. 
Similarly, there is HgO red, CdO brown and ZnO white. 

Now, heat causes a change in colour shifting the spectrum towards the red 
end, as for example: 

ZnO white i^hen cold, yellow when hot. 

PbO light bufi when cold, brown red when hot. 

Thus, le s ser stability being associated with higher temperature on the one 
hand, and higher paramagnetism on the other, in the case of the polychromates 
the X value should increase with temperature. This is verified by, measurements 
pn KsCtjOt. 
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SOME SUSCEPTIBILITY VALUES. 

To get the values of some of the ionic susceptibilities detailed above and to 
test the accuracy of our measurements a number of determinations for some salts 
were made and compared where realiable data are obtainable. These, as also 
some other measurements done by the authors, are given below. 


TabIvE 13. 



Authors’ 

values 
-X ' 10 * 

Other values 
-x^ -loB 

Author. 

NaCl (cryst) 

‘515 

3 n“i 

30 ’I 

Abonueuc * 




3 o '5 

Flordal & I'rivold 

MgCl2 (solu) 

■512 

48-9 

49’7 

Abonueuc * 

CaCIa 

\S 03 

53-8 

56-3 





5 f >7 

I'lordal & Frivold 

BaCla 

“352 

73*4 

77*1 

Abouucuc * 




72 ’6 

Flordfil Frivold*^ 

NaaSOi (solii) 

'370 

52 \S 

S 4’2 

Kido * 

K2SO4 (anhyd salt) 

•385 

67“! 

65 '8 

>1 

MgSO| (cryst) 

■341 


43'3 

If 

CaSOi (solid) 

'370 

503 

45'5 

M 

KCN (solid) 

'480 

31*2 

2y’2 


NaNOa „ 

*308 

21‘3 

22-6] 


KNO2 „ 

*344 

29*3 

283 

>1 

NaNOa „ 

•303 

237 

256 

ft 

KNO3 

*329 

33‘2 

. 34 'o 

ft 

NajSOs (solid) 

'335 

42*2 

Si '7 

ff 

KaSOa „ 

■369 

58*6 

6a 5 


NajiSjOa „ 

•334 

52*7 

58-2 

• • 

K2S2O3 1, 

'363 


69'6 

l» 

NajCOa 

•369 

41 ‘2 

43 ‘6 

ft 


Inman Association for this 
C uWTVATioN OF Science, 

- 310, Bowbazar Street, 

CaicUita. 
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Plate XVIII. 

ABSTRACT. The work of W. A. Wood with nii kel has heen extended to silver, confirm- 
ing, in a general way, hi.s conclu.sions as rcg.ard.s correlation between current density and .selective 
orientation and between hardnes,s and breadth of dillraeted lines. Intensity nieasuremenl has 
been extended to lines of planes 111,200,220,311 and 222 of silvcj- for different current densities. 
The brightucs.s of the electrically deposited surfaces has been estimated photographically, 
giving better c.stiniate of the lu,stre than the visual estimate of Wood 


§:. INTRODUCTION. 

Any surface, obtained by depositing metals by electrolysis, possesses bright- 
ness and hardness which vary with the current density and the nature of the 
electroplating bath. Recently W. A. Wood ^ has investigated differences in 
X-ray diffraction spectra of a series of deposits of nickel, showing that the 
brightness is associated with the degree of selective-orientation of the metal 
grains and that the hardness varies regularly with the degree of diffusion of the 
X-ray-diffraction spectra. 

Electroplating in silver is of much commercial value and has an extensive 
use. An investigation has been undertaken by present authors in order to study 
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whether there is any systematic variation in the degjee of orientation of metal 
grains with the variation of current densities, used in the electroplating bath 
and to see whether the same degree of variation persists in all the crystallogra- 
phic planes. The breadth of diffraction lines with reference to the hardness of 
the surface of deposit and size of metal grains has also been studied. It has 
been possible to confirm in a general way, conclusions arrived at by W. A. 
Wood ’ in the case of nickel, with a greater degree of accuracy as regards bright- 
ness and observational data. 

§ 2 . r R R P> R A T I O N OP .S 1> K C I M K N S. 

Specimens w'ere obtained by depositing silver on copper wires under exactly 
similar conditions, paying si)ecial attention to the equality in tlie thicknesslof the 
deposits. These copper wires w'ere first washed with alcohol and benzene, thcn\ made 
the cathode for half a minute in a bath consisting of 6o gms. of sodium carbonate, 
75 gms. of sodium hydroxide and 7 5 gms. of potassium cyanide jier litre of water 
and finally etched in nitric acid. Parts of the coi)2)cr wire, not to have dei)osit, 
were coated with a protecting varnish. 'I'lie electroplating bath consisted of the 


following: — 

Potassium silver cyanide 25 gins. 

Potassium cyanide 15 gms. 

Water 500 c.c. 


The solution made as above was filtered and left overnight. The copper wire 
which had received the preliminary treatment (described above) wns now im- 
mersed in the bath for the eleclrodeposition of silver. Table I indicates the 
conditions of deposit on different specimens, which are identical in all respects, 
except for variation of current densities. 

Table 1. 


Speci- 

men, 

Diameter of 
copper wire 
before depo- 
sit. 

Current den- 
sity in m. A. 
per sq. cm. 

Time 

of 

deposit. 

Diameter of 
specimen 
after deposit. 

Tempera- 

ture. 

riiotographic 
density (ex- 
pressed as%) 

I 

o-g mm. 

* 6 1 

255 inbs- 

I'O mm. 

23 “C 

lOO'O 

n 


10 


„ 

ft 

94-0 

3 

>1 

20 

75 „ 

l-u „ 

if 

84-3 

4 


30 

50 » 

I'O „ 

1 

Ji 

ft 

75-6 
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§ 3 . ESTIMATION OF BRIGHTNESS. 

W. A. Wood ^ appears to have indicated the lustre of the deposit as ‘bright’ 
or ‘dull’ from visual estimation of the brightness of coatings. In order to be 
more accurate about the degree of brightness, a different procedure was adopted. 
Immediately after the deposition was finished, all the specimens were dipped in 
absolute alcohol for a thorough cleaning of the surface and were, then, put side 
by side in diffuse daylight in front of black screen. Photographs of the speci- 
mens were then obtained by means of an ordinary camera with a process 
plate. 

Density of blackening in the photograph of different specimens will depend 
on the reflecting power of the silvered surface and will, therefore, give a liettcr 
estimate of the brightness of the surfaces. Density of blackening has been 
measured, in the usual way, by means of a photographic microphotometer, 
worked by a caesium photo-electric cell. Microphotographs for different speci- 
mens arc shown in figure i, plate XVIII. The calculated values for tlic density 
have been given in table I under the heading “Photographic density.” All values 
arc computed, taking the density for the 6 m. amp. surface as loo. The photo- 
graphic den.sities against the current densities have been plotted m figure 2 . 



74 1 i » 

o 10 20 30 

Current density in milli-atnp. per sq. cm. 

Fig. 2 . 

It appears from figure i that the brightness decreases with the increase in 
current density. It is very probable that with sufficiently high current density 
a limiting value of the brightness will lie reached, 

5 
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§4. INTENvSITY OF DIFFRACTED DINES WITH 
DIFFERENT CURRENT DENSITIES. 

W. P. Davey ^ has shown by X-ray diffraction that silver consists of face 
centred cubic crystals and the diffraction spectrum proves the existence of iii, 
200, 220, 311 and 222 planes amongst others, of which lines diffracted from planes 
III and 311 are much more prominent than others. It was sought to examine 
the intensity of lines diffracted from the above five planes of clectrodeposited 
silver, obtained with different current densities. Different rates of deposition of 
silver crystallites will grow grains of different sizes. It is w ith slo\^ rate of 
dc])osilion that we expect a better orientation of crystallites. This dmerence 
in selective orientation will cause variation in the intensity of the same diffract- 
ed line from grains produced either at different rates of deposit or from 
different baths. \ 


§ 5. experimental. 

Crystals in the electrically deposited silver surface are arranged at random 
and hence the powder method as developed by P. Debye and P. *Scherrer was 
adopted to obtain the diffraction spectra. For this purpose a Iladdiug tube 
had been freshly sealed with an aluminium window of 7/t thickness. Specimens 
were chosen at random and the exposure was given in all cases, for 10 hours, 
the current and voltage of the tulx: being rom.A. and 50 k.V. respectively. 
A copper anticathode and sui)er speed Selochrome films w'erc used. The 
photographic development was also done in each ca.se with metolquinol developer, 
manufactured by Johnson and Sons and the time of development was also the 
same, namely, 5 minutes. The temperature during development was kept 
constant at tS'^C with every negative, for which the following device was 
adopted. The metolquinol solution, brought to iS^’C by adding ice, was taken 
in a wide test tube which was fitted inside a Dewar’s flask containing water at 
iR^C. The same Dewar’s flask was placed in a box, surrounded by non-conduct- 
ing material. In the above arrangement, it was found possible to keep the 
temperature of the developer constant for a greater period than was necessary 
for the actual development. 

The maximum intensity of the lines was obtained wdth the help of a 
microphotometer, supplied by Messrs. Carl Zeiss. The validity of Schwarzs- 
child’s law I t '’ = const., where I is the intensity of the light, t, the time 
of exposure and />, a constant, which for X-rays is nearly equal to i, as also the 
linear vaiiaUon of inte nsity with the size of the photometer slit were tested by a 
preliminary .xperinieUt. Intensity of a line is proportional to the photographic 
blackening for low intensity and, therefore, the intensity of the lines was 
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measmed from the density of blackening, obtained from the relation 

D = logic . 


where 1 ) = density of blackening. 
lo = initial intensity. 

I = final intensity. 

Several microphotographs were taken and mean uiaximuin values of intensity 
for various lines are given in table If. The various calculated intensities were 
reduced in terms of the intensity of the in line for the current density lo m.A. 
per sq. cm. which was found to be maximum in our investigation and is exiiressed 
as loo. 


Table II. 


Current 
dtnsil}' 
hi in A. per 
sq. cm. 

i 

Plane iii 

Plane 200 

Plane 220 

Plane 511 

Plane 222 

Jlriglit” 

nevss. 

1 

Ratio of 

1 1 1 line to 
200 line, 

1 

10 

100*0 

04*60 

47-80 

88*40 

34 40 

94-0 

I -50 

20 

96’23 

Oi'io 

43 ' 2 .S 

87-38 

37'74 ? 

84-31 

A ‘52 

30 

73 ' 3 <> 

51*66 

49-64? 

85-4':) 

i_ 

29 'yo 

75 60 

1*44 


It is found that in cases of lines from planes in, 200, and 311, which are the 
most intense lines, there is diminution in intensity with increasing current densi- 
ties and figure 3, plate XVIIl shows visually also, for the ni and 200 lines, that 
the intensity diminishes as the current density increases. It is also to be noticed 
that this diminution of intensity of individual lines follows the same course as 
the lustre of the silver coating with different current densities. 'I'lie last column 
of table II was obtained following the same procedure as W. A. Wood in 
the case of nickel and it is found that tlie ratio is, in every case, greater than i. 
Wood has observed that in cases of bright coatings, the ratio is less than i while 
in the case of dull ones it is greater than 1. It is not possible here to compare 
our results with those of Wood because of the fact that no comparable estimates 
of brightness in these sets of experiments exist. The degree of brightness 
recorded by us may be considered 'dull’ in the estimate of Wood and ‘bright' 
surfaces in his sense might be obtained with lower emrent density, which 
according to om- observation will be increasing in brightness. W’ith such 
Specimens, a ratio less than .1 is not an impossibility. 
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Remembering that our investigations with different specimens were conducted 
under exactly identical conditions with regard to the thickness of the deposit, 
time of exposure, current and voltage at which the X-ray tube was worked and 
the process of development, it can be asserted that the greater number of 
crystallites is better orientated for smaller current densities. From the study 
of intensities of different lines, it appears that in the two cases marked by the 
note of interrogation in table II, there is irregular change in the intensity. 
This irregularity seems to be due to the fact that, so far as the degree of 
orientation of crystallites is concerned, certain planes are more favoured than 
others. 


§6. BREADTH OF SPECTRAL LINES. 

The breadth of spectral lines obtained with CuKa radiations was also i^easur- 
ed. Following the usual procedure, the breadth was measured at a height Where 
the intensity was half the maximum. The breadth, as measured from microphoto- 
graph was reduced to the correct value with the help of the luaguilicatiou ratio. 
Where and components were not resolved the breadth has been corrected 
for true breadth of component cKj with the help of the formula deduced by Brill,'* 

where B = measured breadth 
6= corrected breadth 
S=the separation of the doublet. 

The breadths of different lines, corrected as above, are given in table III along 
^vith comparative values of hardness and average value of the size of the grain. 

Table III. 


Current 
density 
lU m.A. per 
sq. cm. 

Plane 

HI 

Plane 
^ 200 

Plane 

220 

Plane 

311 

Degree 

of 

hardness 

Average size 
of the grain. 

30 

0-32 mm. 

0-365 mm. 

0'4u mm. 

0.43 mm. 

100 

8-40 X 10“ ® cms. 

30 

0.41 „ 

0-320 „ 

0-45 „ 

0‘6o „ 

ii8 

4*62 X io~^ „ 

10 

0‘54 »» 

1 

0-470 „ 

©•52 „ 

0*69 „ 

137 

3*30 X IO-« „ 
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? 7. MRASURKMKNT OF tlARONKSS. 

The hardness of the deposit was estimated by the Hrinell liardiiess test ^ 
with the hel]) of BriiicU's hardness testing machine, available in the Bihar Kugi- 
neering College. As the dc]>osits in imr specimens were thin, the nieasureincnt 
was made with a smaller load. Compai alive values with iesi)ect to the hardness 
of the specimen of current density 20 as 100, are given m column p of table III, 
as the comiJarative degree of hardnes.s i.s suflicieut for the purpose of our investiga- 
tion. 

It is then found, that no regular relation could be established between the 
degree of orientation and hardness, but the breadth of X-ray lines increases as the 
hardness is increased. This observation of ours in the case of silver, is in full 
agreement with that of W. A. Wood ' in the case of nickel, confirming an 
association between the broadening of the spectral lines and the hardness of a 
metal. 

The exi.stence of line broadening may also be attributed to the dilTereuce in 
size of the grains. Breadth of lines, obtained by ]Jowdered crystal method, is 
generally independent of the magnitude of the crystal. But it is found that the 
broadening of a line starts when the diffracting particle attains the size of a 
colloid. Scherrer ® used this broadening effect to determine the magnitude of 
colloid particles and came to the conclusion by working with gold that finer the 
particlcsi the broader the lines would be. 

From the breadth of lines, it is possible to calculate the average size of the 
crystalline particles. In the case of a crystal, where the diffracting particles are 
cubic and where the average thickness of the particle parallel to a cubic axis is A, 
it has been shown that 

B = 3 . V + b 

V _ A cos - 

2 

where the symbols have the following denotation : 

B = The angular breadth of the line. 

6 = Angle through which the rays arc diffracted . 

A. = wave-length of X-rays. 

b = minimum breadth of the line determined by the dimensions of th'e X-ray 
beam and the column of tlie specimen. 

The above relation was utilised for calculating the value of A, from which 
an idea of the size of the diffracting particle may be formed. Values thus obtained 
are given in the last column of table III. The angular breadth has been calcu- 
lated from the dimension of the circular camera used. It is noticed, from the 
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study of the values of hardness and the size of the grain, that in case of softer 
coating, the size conies to be bigger and this is what one expects. 

From the relation given for the measurement of A, it is evident that the 
value of B should increase as the angle of diffraction increases, that is to say, there 
should be greater broadening for the 200 or 311 lines than for the in line. But 
our values, for planes 200 and 220 of the specimen of current density 10, seem to 
depart from this regularity. To satisfy ourselves about the gcmiiiieiiess of this 
invalidity of the relation, mici fiphotographs of the first three lines of the specimen 
of current density 10 were taken at different magnifications and the breadth was 
measured in each case. Tt was consisteully found that the breadth of 200 and 220 
lines is less than that of in. j 

It is known and observed that during electrodeposition of any metali grains 
of different sizes arc formed and to us it seems possible that, for some unexmained 
reasons, particles of a particular size arc orientated more favourably to give ^ise to 
one particular plane face than another. Further elucidation of this point is tender 
investigation. 

In conclusion, we beg to offer our heartfelt thanks to Prof. K. Prosad, 
B.A. (Cantab.), I.K.S.,for liis helpful criticism and encouragement while the work' 
was in progress and for scrutinising the manuscript. 
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THE RAOULT DEPRESSION IN ORDINARY AND HEAVY 

(WATER. 


By V. T. CIIIPUiNKER, M.Sc. 

ABSTRACT. — McKay’s theory for the deficiency of heavy w.-itcr in the Dead Sea is 
criticised and a possible explanation suRgested on thcrniodynaniical grounds for an imiJctlauce 
in the escape of heavy water, relative to ordinary, in the pre.scnce of a solute. 

It is shown from the following well known formula of Raoult that the 
depression in the vapour presstire jiroduced by the addition of a given amount of 
a soluble salt in ordinary water exceeds that for heavy water. 

/sp « 1 

P ~ N ’ « 

Table i gives the results for a to per cent. NaCl solution in the two w’aters, at 
different temiTcratures ; , p^^^ refer respectively to ordinary and heavy 

water ; zx p„ ^ „ arc the corresponding calculated depressions of the 

vapour pressures, decree of ionisation is taken to be 0‘7 » the 

corresponding quantity for the heavy water would be about the same, since the 
dielectric constants of the two waters do not differ by moic than i per cent. 

It is easily seen that the actual value for oc is not important. 


Table 1 . 


rc 


20 

087 

30 

0-88 

40 

O'Scj 

SO 

0-90 

60 

O'QIS 

70 

0-923 

80 

0-933 

90 

0-942 

loo 

0-949 



Identifying the partial vapour pressures of the two waters with their own 
pressures in the free state to a first approximation, and supposing that there is no 
preferential action of the solvents on the solute, it is seen that the introduction of 
a soluble salt in the mixture will tend to equalise their pressures, this effect being 
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more pronounced for high temperatures, and concentrations. It follows 
therefore, that the presence of a soluble salt will markedly reduce the efficiency of 
separation in processes making use of the difference in the vapour ]>ressures of the 
two isotopic waters. The case of NaCl is taken here only as an illustration ; it is 
clear that the above equalising effect is quite general and does not depend on the 
specific chemical nature of the solute. It may be pointed out that this reduced 
separability of the two Hjpiids is not restricted to the present case ; but would 
apply in general, to the behaviour of any pair of solvents in the presence of a 
common solute provided that no chemical complexes are formed in the system. 

These considerations are of interest in the problem of the alienee of high- 
heavy water concentration in the Dead .Sea. McKay ■* has tried to cxpljiin this 
by assuming that the rate of influx of water into the Dead Sea equals the iate of 
its loss l)y cva])oration ; it follows then that the net heavy water conteiin of the 
Dead vSea will remain constant since the heavy water content of the incoming 
water will be the same as that of the water evaporating from it. This explaii^tion, 
however, is not free from difficulties, since it presupposes that rain water is more 
deficient in heavy water, than ordinary w'atei, which is not supported by facts. 
Secondly, we find from the history of the Dead Sea that at one time in the Pluvial 
period, it had increased enormously in size and that the shrinkage to its present 
size took place chiefly through evaporation. ‘‘ On McKay’s theory this should 
have led to an increased concentration of heavy water, which is not warranted, ^ 
One may suggest from above that the high salt content of the Dead Sea (19-24%)® 
may be an important factor in preventing the separation. The above con.sidcra- 
tions do but indicate a restraining factor in determining the relative escape of 
ordinary water ; the actual value of its vapour pressure, under ordinary conditions 
of a solution equilibrium, exceeds that for heavy water. On general thermody- 
namical grounds, therefore, the proportion of heavy w'ater in the Dead Sea should 
have increased during the geologic time and reached a sensibly high value. 
That the available data negative this deduction is a significant finding not yet 
fully elucidated. 
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ULTRA-VIOLET CONTENT OF SUNLIGHT AT BOMBAY. 


Bv N. R. TAWDli, S. A. TRIVKDI and J. M. PATlil.. 

Royal Institute of Science, Bombay. 

ABSTRACT. — % usitifj the iiictbods of pliolojjraphiV photometry, the inflective energy 
ili.strihufion of solar railiation.s at Ifoiiibay lias been meusured and the pcicenlage ultra-violet 
content of it has been calculated. It is thus found that only abimt 2-<)j % is ultra-violel light 
ill .sultir radiations. 


Tilt* uses of ultra-violet light for various purposes in medical science are not 
unknown. Mercury arc is by far the iiriiicipal source which is in constant use for 
this purpose as it emits co]:)ious ultra-violet radiations. ( )f the natural sources, 
tlie sun i)lays a great part in giving out invisible ultra-violet radiations which have 
certain beneficial as well as harmful effects dcjiending ui)Oii dosage. It is precise- 
ly for this puri)ose that it is desirable to know the ultra-violet energy content of 
sunlight under various conditions and its proportion to total energy received. 
The present problem was undertaken with a view to place on recend some data 
w hich wdll prove useful in this direction. 

The laolilem is set difficult ow ing to raindly varying conditions of the atmos- 
phere during different seasons and during different periods of the day. The 
length of the absorbing layer may als(J affect the results as it is likely to be diffe- 
rent at different places. Conseijiieiitly the investigations which are undertaken in 
this ])ai)er relate to a single place under some defined conditions set forth in the 
following paragraph ; 

It must be made clear that wdiat are given in this pai)er are the results of 
efiective radiatiojis wdiich are recorded after loss by all causes when passing 
through the absorbing layer of the atmosphere. 

li) X r K R 1 M 1$ N T A Iv. 

The measurements w^re made in this laboratory during the month of 
September, J935. The method adopted is that of spectral photometry. It has the 
advantage that it eliminates long exposures during which the conditions are likely 
to alter a great deal. An ideal hour and day on whicli tlie atmosphere appealed 
to be perfectly clear was chosen to photograph the solar spectrum. In order to 
know the proportion of ultra-violet radiations it is only necessary to obtain the 
relative energy at various wave-lengths along tlie wdiolc spectrum, tor this 
purpose, a standard comparison lamp calibrated by one of us, under knowm condi- 
tions, at the (Government Chemical Laboratories, London, was used. 

On account of short exposures needed, the time chosen to carry out these 
experiments was somewhere Iietweeii 2 and 3 r. M. in the afternoon. A beam of 

6 



278 


N. R, Tawde^ S. A. Trivedi and /. M. Patel 


sun-light after reflection from one face of a quartz i)rism was allowed to fall on 
the slit of the spectrograph which was a Ftiess quartz instrument giving the 
whole range from about 7000 X to 2000 A. The procediu’e was to photograph 
the solar spectrum for a known interval of time and side by side to put calibration 
marks on the plate through a step-slit of six elements by means of the standard 
lamj). The exposure time which did not in any experiment exceed 3 minutes was 
adjusted to be the same for both the spectra as this is an essential condition in all 
quantitative measurements of this type. The blackening produced by the solar 
spectrum at any wave-length was somewhere between the strongest and the 
weakest of calibration marks. The plates were Ilford Rapid Process Panchromatic 
and those to be measured weie develoj^ed under uniform conditions. Final plates 
to l^e ])laced under the self-recording microphotometer were chosen after several 
trials. \ 

P'or purposes of taking the microphotomeler records, j^oiiits were qliosen 
along the’ spectrum at intervals of not more than 50 A. II. and the spot of\light 
was run across the spectrum and calibration marks at each of these points. This 
enabled the blackening intensity curve to be prei)ared for wave-lengths correspod- 
ing to each of these points and also to calculate the Iflackcning |)roduced by the 
solar spectrum at each wave-length. This latter blackening was then converted 
into intensity by means of the blackening-intensity curve. The actual intensity 
values at various wave-lengths from 5800 A. to 3000 A. were thus obtained' and 
these were then exresscd in terms of the energy of the standard lamp by multiidy- 
iiig them by 11 ^ values derived from the : A curve. A correction for divSi)Ci- 

sion was further apidied by knowing the dispersion curve of the given si)ectio- 
graph. Innal results were then exi)ressed on a graph giving the relation : A of 


the solar spectrum. Some of the values from which the curve was ])repared are 


given below : 


R E S U h T vS. 


Wave-length 

Ullfl-KV 

A 

(solar sjjeetnini) 

3200 

11-66 

3400 

21.13 

3600 

22 -og 

3800 

24-83 

4000 

46-17 

4200 

73 '92 

/|4oo 

>04 -.ia 

/\ 6 c )0 

139-21 

4800 • 

178-50 

5(X)o 

226-22 

5200 

272-15 

5400 

319-80 

5600 

367-90 

3800 

412-91 

^00 

466.46 

6400 

637-97 
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The values above 5S00 A are extrapolaterl from tlie Rrai)h. It is to be noted that 
no solar spectrum was recorded below about 3000 X even after loiij; exposures, iu 
spite of the plate being sensitive up to 2000 X This is to be expected as according 
to Ramnathan and Ramdas, ’ 2goo X is the shortest wave-length of solar spec- 
trum attainable under good conditions. This has been ascribed t(j the ])reseuce, 
in the u])per atmosphere, of 07 -one which has got an absorjitioii band between 
2200 — 3200 X. For the purpose of ascertaining the i»roi)ortion of available ultra- 
violet radiations to the total radiations, the areas under the curve from 4000 X to 
the l()v\est wave-lengtli limit and under tlie whole curve n]» to 6400 X were 
comidited. These results are expressed below : 


Total ana - 
midir the curve- 
froin 64 :)o It. to jooo A. 


Area niKlir the 
curve from 
4000— poo A. 


I’creelitage 

of 

ultra-violel energy. 


J3.V73 Ml- rill. 


8-11 s(|. cm. 


fi-ii 


X 


TOO ^ .•■•43 


It woukl be interesting to extend these observations so as to obtain readings 
at different periods of the day and in different seasons. It is intended to continue 
the work in these directions. 

The authors are much indebted to Prof. ('*. R. Paraiijpe for suggesting the 
problem, and to the authorities of the Science College, Patna, for allowing the use 
of their raicrophotometer and for the kind hospitality they extended to two of us 
during our stay iu Patna. 


RliP'KRKNClivS. 


* Ramanatliau and Rarudas ; Proc, Ind. dead. Sc,, ^1, fl, 308 (1934). 
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STUDIES ON SOME INDIAN VEGETABLE OILS. 

PART II. 

Dichxlric Couslant and Electric Mon.ent. 

By G N. B 1 lA ITACHAKYYA, M.Sc'.. 

Ghosc Research Scholar in Applied Physics 

(Ri'icivid jo) piihlicatiotE ifdli ]itui, jp ) 

ABSTRACT. -- lly usinsj m inoJiiied Nernst Hri(li;r nicllioj, tlir diclcptrii' rnJishiiils of slacii 
Tndinn VL*i.^LT:iljlp oils havo Inrii nicMsiind and Du ir cIlmTiu' iiioiiiciils ivalnaicd bv Hr* niotliod 
of l)inar^' mixture. Tlie iiiojccular ^^'eig’llls f)f llirsu oils linvt' been delennined bv llie 

Crvoscopie method and the results Iuiyl been disenssed in llu lij^lit of llu ir struetural forninlae. 


INTRODUCTI UN . 

In a previous connnuiiication' llie results of a systematic study of the viscous 
properties of some Indian vegetable oils were reported. In view of their use as 
insulating medium in electro-technology it was thought of interest to investigate 
their dielectric jiropcrties as revealed from measurejuents of their dielectric 
constants. Such a study has recently been undertaken in a few cases. In 1931 
Stoops^ measured the dielectric constants and densities of three vegetable oils, viz., 
tung, linseed and castor oils, over a wide range of tempeiature and calculated 
their polarisation. He also determined their electric moments from measure- 
ments on their dilute solutions in benzene, and discussed his results from the 
standpoint of the molecular .structmc of these oils. Using a similar method 
Paranjpe and Deshpande^ have very recently ascertained the polar nature of 
castor, olive, sesame and cocoanut oils and evaluated their electric moments. 
These latter authors determined the molecular weights of the actual samples used 
by them by the cryoscopic method, whereas vStoops had only approximately cal- 
culated them from the known composition of the oils investigated by him. One 
finds, however, that in the case of castor oil the value of electric moment as well 
as of the molecular w'eight as given by these authors are mutually in agreement 
showing thereby that the samples used by them are probably identical in com- 
position or possibly molecules other than those forming the chief constituent 
of castor oil do not appreciably affect the value of its average molecular weight or 
of its electric moment. One might, however, expect variations from their yaliies 
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with different samples of different origin. In the present investigation, experi- 
ments have l>eeii carried out to study the dielectric proj^erties at room teiiii)era” 
ture of the vegetable oils whose viscosities have previously been measured by 
the present author and which commonly occur in different parts of Bengal. 


Diclcctiic lyolaiisalion and Electric inoincnt. 


It is well knowm that the idea of the existence of a permanent electric 
moment in a class of molecules, called “ polar,’' was first put forward by Debye 
in 1912. He gave the following cciuation for the total polarisation, P, pf a free 
molecule, viz,, 

P = + I’a + Po V- (1) 

where Pn = the electronic polarisation, 

P.i = the atomic polarisation, 

and Po — polarisation due to orientation. 


Pa is usually very small ^ compared with Pn and in all cases where j>reat 
accuracy is not required, it is neglected ; so that we have 


P = Pk + Po 



But we know 


^ n^-i M 
n2 + 2 'd' 




where n is the refractive index of the polar liquid, M, the molecular weight 
and d, its density. Strictly speaking n corresi)onds to infinitely long wave- 
lengths. In practice, n refers to light of the sodium D-line. 


According to Debye, 


where 


and 




(4) 


N = Avogadro number = 6’o6 x 
K = Boltzmann constant=r'37 x ergs/degrec, 

T=the absolute temperature, 

/*=the electric moment. 
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So that we have finally from equations (2), (3) and (4) 

/i = o‘oi27 X 10"^^ V( )'r h". S. U. ... (5) 

The equation is usually applied to determine the electric moment of a polar 
liquid from measurements on its dilute solutions in a nou-polar solvent. It 
has been found that in a binary mixture consisting of a polar and a non-i>olar 
liquid, the general additive law of polarisation holds good, so that we have, 



p _ e — T M I / 1 M > / n 

t , 2 — • 

c + 2 u I o 

-Pl/l + Po/o 

II — Pl9. ”P2/3 — 1^12'”p2 

A 1 - / - , - + A 2 


( 6 ) 

( 7 ) 


where ^ = the dielectric constant 01 the mixture, 

Pi 2— the molar polarisation of the mixture, 
di2= the density of the mixture, 

Ml, M2= the molecular weights of the solute and solvent respectively. 

Ilf fa ^ mole fractions ,, ,, ,, ,, 

j polarisation ,, ,, ,, ,, 

In order to calculate the electric moment we arc, however, to evaluate the molar 
polarisation, P, of a free molecule, in other words, to deteniiine the value of P] 
corresponding to infinite dilution. 

The mole fractions f\ and /2 are given by 

r „ nzi/M, , f — ^>^2 /Mo 

^ azi /M 1 i- /a j/M2 * ^ 

where mi and in 2 arc the weights in grams of the polar and non-polar liquids. 


IDXPPRIMIXNTAb . 

Materials used. 

Seven vegetable oils, viz,, castor, olive, sesame, cocoanut, linseed, poppy 
and rape oils were used for this investigation. They were the same as those 
used for viscosity measurements on a previous occasion. All these oils were 
commercially available. Only the poppy oil was bleached over water without 
chemicals. Schering and Kahlbaum^s purest crystallisable benzene was used. 
Its constants agreed well with the standard data^ and there was no necessity of 
further purification. 
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Molecular weight de termination. 


The oils are chemical mixtures and their composition may be exiiected to be 
varying for different samples. It was therefore thought necessary to find out 
the molecular weights of the actual samples of oils used in this investigation. 
Paranjpe and Deshpande also adopted a similar procedure. Molecular weights 
were determined by the cryoscopic Jiiethod by noting the depression of freezing 
points of solutions of oils in benzene. The difference of temperature of r/ 200 
of a degree centigrade could easily be read from the magnified image of the 
mercury thread of a llcckmaim thermometer. Molecular weights of the oils 
used were calculated after applying i)roper corrections to the theiimometcr 
reading. 'I'lie constant for benzene was taken as 51. Table 1 coniains the 
values of the molecular weights determined in the iircsent investigation. For 
comparison the available data of other investigators arc also included. \ 

Taju,e 1. 


Oil. 

v^toops. 

■Raker ’’ 

I>. Melliod. 

l*aranjpc and 
Deshpande 

K, J*. Method. 

Author 

V. 1'. Method. 

( )livc 


803 

1 

* 

8-ri 




(.;,S 

646 

vSf.saiiif 


S( )( ) 


8- 1 

Ca.slor 


8,1 1 l<» 1 ( 13 1 



TaiistTtI 

1 

{ 

1 i 


.S,^« ) 

Poppy 

1 

! 

1 



Rape 


1 


()(_) i 


Rcfmclivc index and dcusily nicasuroncnls. 

The refractive index of the oils was measured by means of an Ablje direct 
reading refractometer, provided with heating arrangement. The instrument 
was first standardised with distilled water and licn/.cne and the temperature was 
carefully noted from the attached thermometer for each reading. 

% 

Density was determined by means of a pyknometer and a sensitive chemical 
balance. The pyknometer was left filled with the liquid at the room temperature 
for at least quarter of an hour before taking its weight. Data for refractive 
index and density of the oils arc given in table II. The last column gives the 
values of Pk calculated from these data. 
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Takle II. 


Oil. 

n 

d 

Pk 

Rape oil 

14678 ; 

o'Sqqi 

278-4 

Linseed oil 

I*/] 760 

0*9180 

353*3 

Poppy oil 

1-4710 

0*9198 

363-7 

Sesame oil 

1-4688 

0*9094 

351 '6 

Cocoanut oil 

i' 45 i 3 

0*9153 

184'^ 

Castor oil 

1-4740 

0*9488 

379*4 

Olive oil 

i'4645 

09034 

=.S 3 *n 


Dielectric constant nteasuremenis 

The dielectric constant was measured by a modified capacity bridge method. 
The experimental condenser was of the parallel plate type, constructed in the 
laboratory workshop and is shown in figure i . 



Figure i* 

I. — Quartz insulator ; 3.— Metal Washers ; 

3. — ;^bonite cover ; 4.— bevel mark ; 

5. — Thermometer hole. 
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All the plates were lieavily chioinium-plated. The outer set of 
plates were insulated from the inner set by means of quartz ring separators. 
The condenser was fixed in position with the ebonite cover plate, with 
a groove cut in its rim so as to fit over a glass vessel. The latter had 
a mark etched near the lop. This served to ensure a constant level of the oil 
to be used for each observation. The condenser was a rigid one. Some 
preliminary olrservations were made with a view to test the constancy of 
the value of its capacity with air as dielectric. It rvas found to be 15] ‘o8 nnf tak- 
ing e of pure benzene as 2 ‘256 at 3/1°C. It may here be noted that this value was 
unaltered during the period of experimental observations. The Variable standard 
condenser is an air condenser manufactured by Teeds and Northrup Co., and 
can be read accurately to i n/ij. The source of alternating e.m.f. was a micro- 
phone hummer, of one thousand cycles, manufacttired by Leeds and Norihrup 
Co. The solutions were prepared and kept in glass stoj)pered bottles to ayoid 
evaporation of benzene. ^ 

In the bridge method the condition of silence in the headphone is secured 
only when it is connected to points, which are not only at the same potential 
but also at the same phase. This was obtained by simultaneous adjustment of 
capacity as well as resistance in the pro])er arm of the bridge. Copper sulphate 
solution Avas used as non-inductive variable I'csistance for a sha(]5 detection of 
the null point. I'hc apparatus was well earthed. 

The cxi»erimental condenser was connected in parallel to the standard 
variable condenser, so that the change of capacity, ZlC, of the experimental 
cojidenser due to the ijitroduction of the liquid, could be obtained directly 
from the readings of the standard condenser, b'inally the dielectric constant, 
e, of the solution was obtained from the followuig relation, viz., 


AC ^ aC 
C 151 '08 


( 8 ) 


l\Tcasurements of dielectric constants were made in the calm hours of night to 
avoid outside noise as much as possible. The microphone hummer was kept shut 
up in another loom at some distance from the rvorking table, so that no direct 
humming could be heard.. Table III contains the data of density and dielectric 
constants of the different solutions of the oils. The values of e for the pure oils 
are, however, included in table IV. 
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“ t + 2* ' di2 


Table III. 


I’l 




+r2 


Oil. 

/i 

dl2 

e 


I’l 

Rape 

o 

0*8638 

2*256 

26*65 

— 


000/1547 

0*8664 

2‘2t)2 

-«-/|/i 

420 


0^008403 

0*8076 

2 

29 "92 

416 


o'oj.?63o 

()*S 68 S 

^634'.) 

31 56 

414 


o’oi 74 icj 

o'8702 

*^’‘376 

33 ■ 16 

414 


o'oj:j 54 o 

0 S 716 

2 .410 


416 


0 ’ 0 : 276:20 

0*8732 

2'44i 

37' 14 

4'7 

I^iiisecd 

0 

0*8638 

2*256 

26 '65 

— 


0 ' 00 / 1 78:3 

0*8648 

2'3o5 

2''^'5y 

432 


0*009450 

0*8670 

'2 ’3 54 


435 


0 * 0] 4150 

o’86k)> 

2*403 

.1 2 43 

435 


o'o 18340 

0*8712 

2 44i 

34'i i 

431 


o' 0:23840 

"■«734 

2 ‘460 


434 


O'O^Ql >00 

0*8754 

2 ‘53 3 

38*45 

433 

TVjppy (hlea chccl) 

0 

0*8638 

'V 256 

26 '65 

- 


0*003436 

0*8652 

2*292 

28*09 

446 


0*008174 

0*8664 

2’345 

30*16 

456 


0*012750 

0*8684 

2*387 

32‘65 

456 


0*017280 

0*8704 

2 ‘433 

34 62 

453 


0 'o 223 TO 

0*8728 

2*472 

36*06 

448 


0*036040 

0*8744 

2*510 

37 73 

452 

Sesame 

0 

0*8638 

2*256 

26*65 



0*006488 

0*8670 

2 / 3 ' 7 

29*16 

411 


0 '01 2790 

o'S 6 g 6 

2*370 

31*54 

109 


0 * 01984 '^' 

0*8722 

2*4 18 

34*14 

404 


O’ 026950 

0 S 746 

2 4.56 

36*64 

397 


0*033130 

0*8764 

'2 495 

38*99 

’ 399 

* 

0*038740 

0*8782 

2*526 

1 41*02 

1 3yK 
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Table III — (contd.). 


p,„==tri , Mi/i4-Mitf8 
t + 2 di2 


ri= 


Fn— F3 

4 


+ Pj 


Oil. 

U 

di 2 

6 

Pij 

Pi 

Cocoaliut 

0 

0-8638 

2-256 

26-65 

— 


O’ 007642 

0*8644 

2*317 

28*96 

329 


o'012q6o 

0*8678 

2 ' 35 f> 

30-44 

1 319 

1 


0*018440 

(i*8694 

2*395 

32*16 

\ 325 


0*025830 

0*8710 

2*426 

34*10 

'.315 


0*035690 

0*8742 

2 -/I 95 

37*12 

^20 


0-042570 

0*8762 

2*533 

39 'T 3 

320 

Castor 

0 

08638 

2-256 

26-65 

— 


0*004117 

0-8675 

2*330 

28*89 

571 


0*008151 

0*8710 

2-402 1 

31-09 

571 


o'oi372o 

0-8756 

2-494 

34-12 

571 


0*019230 

0*8802 

2-585 

37-17 

574 


0*02/1 -140 

0*8841 

2 ’662 

3997 

572 


0*030590 

0*8884 

2-752 

43-33 

572 

Olive 

0 

0*8638 

2-256 

36-65 

— 


0*006689 

0*8668 

2-312 

29-21 

409 


0 01 1080 

0*8674 

2-343 

30-76 

398 


0*017950 

0*8682 

2-386 

33-28 

396 


0*025160 

0*8696 

2-434 

35-82 

391 


0*049220 

0*8790 

2-564 

44-78 

395 


0*0836^^0 

0*8822 

2695 

57-50 

395 


* Calculaiion of electric moment. 

The value of Pj 2 were plotted against fi for each oil. The points were 
found to lie practically on straight lines, which in a few cases showed a slight 
curvature near the origin as shown in fig. 2,. Another set of graphs (fig. i) 
was drawn with the values of P| against /i. 
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>/i 


Figure 2 {b) 

Molar polarisatiou, Pja, of soluticjn of oil in Ijenzcnc against Mole fraction, /], of oil. 
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■01 -02 ’03 * 0/1 '05 


»/i 


Figure 3- 

Molar polarisatitm, I’l, of oi! against Mole fraction, /i, of oil. 

I3y extrapolating each curve up to the Y-axis the value of Pi at infinite 
dilution was obtained. This value was used for P in equation ( 5) evaluating 
the electric moment, 'lllicse results are given in table IV. 


Table IV. 


p,=-- 


c-i M 
€ + 2 d 


Oil 

e 

Ti 

r 

fl X 10 '® 

kape 

308 

410 

430 

2 74 

Ltnsccd 

3 ’30 

386 

433 

a '99 

„ * ni Y*r 

Pof)py 

3'55 

433 

453 

3 00 

Sesame 

316 

379 

425 

2 '93 

Cocoannt 

3 ‘ 4 i 

305 

341 

2*79 

Castor 

4*58 

541 

571- 

3 80 

Olive 

315 

in 

CO 

437 

3 'oi 
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Comparison with previous data 


Results obtained for sesame and olive oils are in agreement with those fomid 
by Paranjpe and Deslii)ande.‘^ Castor oil gives a slightly higher value than that 
found by Stoops,* while for linseed oil it is in agreement with his data. The 
reason may be attributed to the exj^erimentally determined molecular weights. 
In the case of castor oil, assuming the slight discrepancy to be a real one, it may 
be attributed to variation in composition of the oil. The slightly lower value of 
electric moment for cocoanut oil compared with Paranjpe and Deshpandc’s data 
may probably be explained on the same ground. ( 


DISCUSSION. 


The structural formula of the chief constituent of each of the oils, can be 
written as follows. For brevity, the hydrogen atoms have not been shown. 

CASTOR OIL, Triricinolein, Call 5 (Cj THsaOHCOOja 

O 

OH II 

C-C-C-C-C-C-C-C-C = C-C-C-C-C-C-C-C-C-t )-C 

o 

OH II 

C-C-C-C-C-C-C-C-C = C-C-C-C-C-C-C-C-C-O-C 

o 

OH II 

C-C-C-C-C-C-C-C-C =C-C-C-C-C-C-C-C-C-0-C 


OLIVE Olh. Triolein. C 3 H 5 (Ci THaaCOO)^ 

O 

11 

C-C-C-C-C-C-C-C-C = C-C-C-C-C-C-C-C-C-O-C 


o 

C-C-C-C-C-C-C-C-C = C-C-C-C-C-C-C-C-C-O-C 


. o 

II 

C-C-C-C-C-C-C-C-C = C-C-C-C-C-C-C-C-C-O-C 


SESAME OIL, Triolein, CsH-iCCiTHaaCOOa 
Same as for .OLIVE OIL'. 
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COCOANUT Oil,, Trilaurin, C3H5(Ci ,H23COC))3 

O 


NO-C 


( ) 
II 


C-C-C-C-C-C-C-C-C-C-C-C-O-C 


f) 

II 


C-C-C-C-( 


'-C-C)-C 


LINSKED OIL, CsIIsCCi 71131000)3 

O 

II 

C-C-C-C-C-C = C-C-C = C-C-C-C-C-C-C-C-C-O-C 

O 

II 

C-C-C-C-C-C = C-C-C = C-C-C-C-C-C-C-C-C-O-C 


o 


C-C-C-C-C-C = C-C-C = c-c- 


POPPY OIL, Tri/znoZcin, CsIIsCC] 7X131000)3 

Same as for LINSEED OIL. 

RAPE OIL, Tricrucin, C3Hr,(C2iH4iCOO)3 

O 

II 

c-c-c-c-c-c-c-c-c-c-c=c-c-c-c-c-c-c-c-c-c-c-o-c 

O 

II 

c-c c-c-c-c-c c-c-c-c=c-c-c-c-c-c-c-c-c-c-c-o-c 

C) 


a 
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From a study of those structural formula-, it is possible to secure an approximate 
idea of the values of electric moments of these oils. Stoops has attributed the 

hi.uh value of the electric moment of castor oil to a hydroxyl group attached 

to each of the long carl)on chains as well as to the double bond. Among the oils 
investigated cocoannt has the simplest structure. ( )iie would therefore expect 
a low value for its electric moment. For trislearin, which has also a simple 
structure, a low value of electric moment has been found by Stoops. It is well 
known ^ that a double l)(ind imsymmetrically located in a molecule develops a small 
moment in it. ( )nL' would thus reasona])ly expect slightly higher values of 
electric moments for sesame and olive oils, though the double bond is almost 
centrally situated. This is sni)i)or1ed from the results actually olitaincdlin the 
present investigation. It is evident from table IV tliat the electrie inoineMs of 
olive and sesajue r)ils are slightly higher than that of eocoanut\ oil. 

'J'hc difl’crence in the value of electric moments of olive and seWme 
oils, though their structural formulae ]iai)i)en to l)e the same may be 

attrilmlcd to the presence of <^ther constituents. From a similar reasoning 
we would expect a slightly higlier value for the rape oil, tlioiigli this is not evident 
from the present data. This may I)e altribiitcd to the lower value of molecular 
weight of the oil in com])arisou to that of its main constituent, iiienicin, ])robably 
due to the presence of otlier components of low Jiioleeiilar weights. A still 
higher value for linseed cjil may be due to two double bonds, and this view is 
also supported by the higher value of electric moment of poppy oil. 

In conclusion, the author wishes to expiess his deep sense of gratitude to 
Prof. P. N. Filiosh for his kind interest and encouragement during the course 
of investigation. He also acknowledges his thanks to Dr. P. C. Mahanti for 
some valuable discussions- 

ArriaJU) Physics Ivakokatoky, 
llNIVjaiSlTYCoiXKC'.K OF SCII'ACIv /VM) Tkchnoi.oc.y, 

Calcutta. 
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ON AN ESTIMATION OF THE SERVICE AREA 
OF THE CALCUTTA STATION ' 

Bv X. K. J<(»V, 

{Received jor Jiiihlicalioii, June ab, jojb.) 

ABSTRACT.— In (lie pre.seiit papei tin anlhur tle.sen'Iie.s in dd.iil (1il- (ield .streiiglli of 
about tbiily miles ruinul tlie Caleiitla iransiiiiller (V. T. nielresi. |.•rom (lu- observed 

datathcaulhoi ilndslheser\ieeare:ioflheCaleiilt:i sl.dion lo Ik al.out oo miles round (be 
tralismiUer. Taking aeeount <•! Hit; atni.i.spberies (his area eomes lo about (liirtv miles loiind 
Calcutta. 

Curves showing the Held strength values in three dillereiil diteetioiis along with a theore- 
tical one are given. In cour.se of the investigations the following results hav been obtained ; 
I’laecs having large buildings, nio.stly with iron .strueiuns, give abnonnallv low field .strength 
values whereas places consi, sting of open pa.stiire lanils give (|nite normal values. The ob.served 
eldta supplv us fui lht*r with the interrmalion about tire ellu'ienvv id the transinitting antenna 
anrl the effective .soil conductivity of the eaith at different places, The radiation re.si, stance of 
the del idl is found to be /| ho n, the aerial i adiatii ui i k w . and aei ial ellicienev ( per c.enl . 
Ihe effective soil conductivity for a distance of 30 miles lound (he tiansniittei has been loitnd 
to be on an average 30 k jo ** e.ni.u. 


1 N T R 0 l> 1! C T 1 ' 1 N . 

As a guide in the design and iniinuveinenl of a radio Iransinilter, every 
radio engineer retinires a delinite knowledge of the radiated held strength at any 
point round the traiisniitler. 'I'he prolrleni uf radio wave propagalion is there- 
fore of great practieal interest to all radio engineers. ’I'lie guivling facTois in tlie 
design of a broadcast transinilter is that it should he alile to [itodnee good 
(iiiality signals within a certain stipulated area round the transinilter. 'i'liis area 
within which good quality reception is jjossihle during day and night throughunt 
the year is called the service area of the station. 

Since tlie sky waves depend upon the conditions of the ionosphere and 
show pronounced diurnal and seasonal variations, the reception within the service 
area should be governed chiefly by the ground waves. The broadca.st engineer 
therefore tries to so design the transmitter that most of the radiated energy is 
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directed along the ground in order to secure the largest possible service area. It 
is also obvious that for reliable reception within this area the signals must be 
stronger than any type of interference either natural or man-made. 

The ground wave should also be much stronger than any sky wave present 
so that the latter might not produce any apiJieciable effect upon the normal 
reception. 

Ivxpcrience has shown that in city or in metropolitan areas where there is 
considerable man-made interference, good reception demands a signal strength of 
iibout 5 to lo millivolts per metre and that in rural areas where such interference 
is comparatively weak, a field strength of about i to 3 millivolts per ijietre is 
sufficient for the puri)Ose. \ 

If the ground were perfectly flat with uniform properties all round the 
transmitter, it w'ould have been possible to make an estimate of the service^ area 
of any station quite easily with the help of Hertz, s formula for radiation ft^ni a 
dipole oscillator as modified later by Zenneck, Sommerfeld and others by taking 
into account the finite conductivity and dielectric con.staut of the earth. Actually 
however the ground is not flat but broken on account of buildings, steel structures 
and other built-up areas, telegraph posts and lines, forests, mountains and so on. 
It is therefore very difficult to ]>redict from theoretical considerations alone the 
field strength at any point round a transmitter and svirveys of radi9 field strength 
are therefore essential for such ])urposes. Moreover such surveys give much 
valuable information about the effective soil conductivity of the earth, total aerial 
radiation, efficiency of the transmitting antenna and so on. 

It was with this object in view, that a radio field strength survey of the 
city of Calcutta and its suburbs was made by Rakshit ' some time ago. I he 
measurements which form the subject-matter of the prc.sent communication were 
undertaken at the request of Mr. II. R. Kiike, Head of Research Department 
of the B. B. C., who came here in connection with the Oovernment scheme of 
expansion of broadcasting in India. A knowledge of the service area of the 
existing .station was naturally considered e.ssential in planning a future scheme. 
The area covered by Rakshit being chiefly the Calcutta city proper and its metro- 
politan suburbs, the results of the former survey could not be taken as average 
for distances further away where the area might more or less be called rural. 
Further measurements of radio-field strength of the Calcutta transmitter, in rural 
areas were therefore necessary. The present survey has been made up to a 
distance of about 30 miles in three different directions from the transmitter. 

THEORY. 

The principle of measuring the field strength consists in determining the 
resonance voltage developed in a circuit of known constants. 
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The resonance voltage developed across a loop when placed in the plane 
of propagation and tuned to resonance with the signals by means of a condenser 
is given by the equation 

V=- ^ / L volts approximately, 

Ku A 

where K represents the field strength in volts per cm. 

V resonance voltage in volts 
A area of the loop aerial in sq. cm. 

N nuinter of turns (3f the loop 
/ frequency of electro-inaguetJc waves 
L inductance of the loop in lienrys 
X wave-length in metres 
K resistance in ohms. 

If liowever V and Jv are expressed in millivolts and millivolts per metre 
respectively, then 

7*6 p 

Ii=V. ^ inillivolts per metre. 

/“LAN * 

In the above equation the values of A, N and / are easily calculated. The 
experiment therefore consists in the measurements of V, L and R. 

E X P E R 1 M li N T A 1/ ARRAN ('. M H N T . 

The schematic arrangement of the voltmeter assembly used for measuring V 
is shown in figure i. 



Figure i. 

Illustrating the arrangement of the voltmeter assembly. 
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I'lie first valvu serves lieje as liigh-frecjuency aiuplifier and the second valve 
as detector. The detector circuity as is seen in the figure, lias got Wlieatstone’s 
bridge arrangement. In absence of electro-magnetic radiation the resistance in 
series with the filament of the detector valve is so adjusted that the four anus of 
the bridge are balanced and the galvanometer reads zero. If, however, any signal 
is applied to the grid of the valve, the balance is disturbed and a deflection is 
produced in the galvanometer. 

The preliminary parts of the experiment were (/) to calibrate the receiver 
and (//) to measure the constants of the aerial, 'T'/-., inductance, distrilmted 
capacity and resistance. 

h'or calibration, known high-frequency voltages were applied to ll|e grid of 
the first valve and the corresjionding galvanometer readings were noted. \ 

A curve was plotted with the galvanometer readings against the correspojiding 
high-frequency voltages. Measurements of the inductance L and the distributed 
capacity of the aerial were made by the usual methods. The aerial uVed was 
a loop 63 cm. square and having 12 turns in all. The self or distributed capaca’ly 
of the aerial was found to be and the inductance iSu/JI. 


ISI K A S U R Iv TNI 1C NT O 1' T TI 10 R 10 S I S 'I‘ A N C R 
0 V T II 10 ^ 10 R 1 A Iv . 

0 

The resistance of the aerial includes besides the ohmic resistaiu-e, radiation 
resistance, resistance due to absorjUion (dielectric loss or eddy current loss), 
resistance due to leakage loss (o\vinj> to bad insulation) and others ; so it is most 
likely that this resistance would vary from place to i)lace due to the presence of 
lavt’c buildiuys, telcRraph posts and lines and such othei factors vvhieli aie 
responsible for absorption of energy. It is therefore necessary to measure this 
resistance at each place of observation. 

The measurement of the resistance was made I)y the usual reaclimce variation 
method. The ealilnated condenser in llie aerial circuit was rotated on bt)lh sides 
from the resonance position until a delinite fraction of the re.sonance voltage was 
indicated. In the present case, however, the delinite fraction was made i and 
from the observed readings, the resistance of the loop eyas calculated out with the 
help of the formula 


CiCo 

where denotes the change of capacity (CokOC,) reciuired to make the voltage 
i/Sth the resonance voltage, 

Co represents the value of aerial capacity at resonance, 
and Cl the value of capacity at the altered position. 
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The value of the loop resistance thus obtained was found to vary from lofi to 
14!^ according to the place of observation. 

M F. A S U R E jNT P: NT () 1' '1' II E R E S ( ) N A N C i: V () L T A G E V . 

At each place the accessories having been properly arranged, the receiver was 
carefully tuned to receive the station with a pair of headphones. The presence of 
any interference could be detected in the phones in which case nieasureinents were 
taken only after the disturbance was over. 

The phones were then replaced by Ihe galvanometer and the looi) rotated 
until a inaxinuini deflection was obtained. Tin's reading of the galvanometer 
was noted. 'Hie looi) was then turned through iSo'"* and the new maxitnuni 
deflection recorded, (leneially the two positions of the aerial gave the same 
reading. If they dili’ered due to antenna effect, the mean of the two was taken 
and the resonance voltage obtained from tlic calibration curve. 


i: X V E R 1 r: n t a l r t<: s n h t s . 


After the observations W'Cre completed the field strength values for dilTerciit 
places were calculated and curves were drawn for the rcvSpeclive directions until 
tile field strength values plotted against corresponding distances. 

A typical set of data obtained in the field slTeiigth survey is given below ; 

22ud March, 1936. 

Location Diamond Ilarbom, 33 

miles from the transmitter. 


Mean aeiial condenser dial reading at tune 


56*5 


Mean galvanometer reading at resonance 
Resonance voltage (in millivolts) developed in 
the aerial as obtained from the curve 
rralvanonicter reading when the voltage is 
i/Sththe resonance voltage 
x\erial condenser dial reading (on 

bolli sides of the tuned position) (0 one w^ay 

to make the galv. reading lu-o (//) other way 

Mean value of in 
Mean value of R in ohms 
Mean value of K in millivolts per 
metre as obtained by calculation 


S3*() 


50 '5 


I 0-0 


53 '.S 
Oo-o 
16 5 
14-1 

S-r; 
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FlOrRK 2. 

0 

lllustratinj? tlic nttemialion of field strength and dislanoe 

Ciirve A voprcseiits the attenuation in the northerly ilirection ; 

Curve It ,, ,1 south-Kouth-westerii direction ; 

Curve C ... north-ea.sterly direction ; 

nnd Curve D is the theoretical one for infinitely conductin)^ earth. 

The curves given in figure 2 show the attenuation of the field strength in the 
respective directions. 

Curve A gives the results of ineasureinents in the northerly direction. It is 
seen that in this direction the attenuation is very high for the first lo to 12 miles ; 
but for greater distances the rate diminishes considerably. This is to lie expected 
as within 1 o miles from the transmitter the population is rather dense and there 
arc numerous buildings and other structures including jarge 'r.ills and factories. 
At large distances these arc scattered and also fewer in number and the attenua- 
tion consequently diminishes. 

Curve 13 shows the results of measurements in south-south-western direction. 
It is .seen that at 5 mil«.s from the transmitter tlic field strength is less than that 
either in the northern direction or in tl>c nortli-eastern direction. This is 
evidently due to the fact that the Calcutta city proper is situated to the 
south of the transmitter and so the low field strength within 5 or 7 miles 
is certainly due to tl.e densely populated areas, buildings mostly with iron 
structures, radio antennas and such other factors causing absorption of energy 
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and contributing towards the brokenness of the K^rouncl. At large distances the 
ground is nearly flat consisting mostly of pasture lands and cultivated areas and 
consequently the rate of attenuation diminishes considerably. 

Curve C gives the results of measurements in the north-easterly direction. 
The population is not large in this direction and beyond 5 or 6 miles the area 
may rightly be called rural ; the field strength however is not so high as that in 
the south-south-western direction because the area is covered with large trees. 

The curve D shows the diminution of field strength with distance according 
to the theoretical formula, 


K = 377 


i'L 

A-D 


where h is the effective height of the transmitting antenna in 

metres, 

I aerial current in amperes, 

A wave-length in metres, 

I) distance in kilometres 


and K field strength in niilli volts per metre. 

From the theoretical and the experimental curves the effective soil conduc- 
tivity at different places was found out with the hel]) of the vSominerfeld's equa- 
tion as transformed by van der Pol,^ 




hi 

AI) 


/ (r) 


0 ) 


where p is vSominerfeld's numerical distance and is given ))y the equation 




TTX TO * 
6(r 


Dk)n 

A'^kiii 


(2) 


where o- is the soil conductivity of the earth expressed in c.m.u. 
van der Pol gives an empirical formula for f(p) namely 


/(p)= 


2 + o'3P 
2 + p + o'6p^ 


(3) 


The formula given here holds good for flat ground with finite conductivity. 
Actually however the ground is not flat but broken. So the soil conductivity as 
calculated from the above equations is the effective soil conductivity of the place 
and is different from the actual conductivity of the soil at the place. 

9 
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From curves A and D and with the help of the above equations it is found 
that the effective soil conductivity in the northern direction is 4'74 Xto“*^ 
e.iii.u. for a distance of 12 miles ; for a distance of 27 miles, however, it rises to 
i 6'5 X 10”* c.m.u. 

From curves B and D it is found that in the south -south -western direction 
for a distance of 5 miles, cr = 3‘4Xio“’^ e.ni.u. and for a distance of 30 miles, 
O' — 61*2 X 10“*^ e.m.xi. 

The value of the effective soil conductivity in the north-easterly direction 
for a distance of 10 miles is found to be 4*7 x c.m.u. and for a distance of 

30 miles it is i5'S x e.m.u. ' 

C A Iv C U h A r TON O F S T? R V I C F A R F A . 

From the above measurements the averai^e value of tlie soil conduVtivity 
for larger distances may be taken to be 20 x e.m.u., and if the limit of the 

area be taken as 2 m.v. per metre, the service area of the Calcutta station comes 
out to be about 60 miles. The height of the Heaviside layer being comparatively 
lower in tropical countries like India the effect of sky waves reflected down from 
the upi)er atmos])herc becomes prominent at distances of even 60 or 70 miles. 
'I'he trouble of fading due to interference l)etwcen ground and sky waves ak such 
distances can however be overcome by the newly designed receivers employing 
A.V.C. system. Teaving ai^art the question of fading, the disturbance caused by 
atmospherics, which are severe in India dining the months of A]jril to August, 
cannot be ignored. 

If these arc taken into consideration, the area over which broadcast pro- 
grammes are enjoyed day and night throughout the year comes out to be not 
more than 30 miles round Calcutta. 


C O N C Iv TT vS 1 O N . 

From the results of the field strength survey some information about the 
efficiency of the transmitting antenna is obtained. 

The average value of the field strength at 2 miles round the transmitter as 
found by measurement being 116 m.v. per metre and the unmodulated aerial 
current 18 amperes, the effective height of the transmitting antenna becomes 
20*37 metres. The rajliation resistance therefore, as calculated from the formula 
R = 1580 comes out to be 4*8oQ. The total aerial radiation therefore 

becomes 1*556 kw. 

The amplifier valves supplying energy to the aerial work with plate voltage 
of 9,000 volts. The total plate current for the two valves being 370 milliam- 
peres the total input power is 3*33 kilowatts. Taking 75 per cent, as the 
average plate efficiency, the power delivered to the aerial comes to 2*5 kw. But 
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the aerial radiation is i '556 k\v. Hence the radiation efficiency of the aerial is 
63 per cent. only. Consequently, the aerial has a dead loss resistance of e'Sa 12 . 

A C K N (I W L K I) o ]\I r-: NTS. 
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THE STUDY OF THE DURATION OF CONTACT OF A 
PIANOFORTE STRING WITH A HARD HAMMER 
STRIKING NEAR THE END.* 

By S. C. D1 IAK, M.Sc. 


ABSTRACT. -In tliis papc‘r, a critical .slu(l\ lias Ijccii made nf the cliffmait cxi.sliJiK 
theories of the vibration of Hie jiianofortc string wlim struck In a haul haniiner near the end. 
'Pile values of the durati«>n of contact have lucii calculated boin the theoretical fortnulae of 
Kaufiiiann and of Kard.rhosh as well as l)y the direct graphical im-thod which, although invt>lv- 
ing eiiorinous labour in evaluating A, is more accurab' than that of Kar-Cihosh. 'J akiug into 
account the probable error of observation in deterinining expermientnlly the value of the 
duration of contact of such a small order of magnitude, the agreement between the calculated 
values and the available experimental data may be eoiisidered to be suriicienlly elosc. In view 
of this elosc agreement, it is apparent that the idea of the series, as originally intro- 
duced by Raman and Banerjec to explain the theory of thc' struck string, should be 
abandoned. 

The duration of contact plays an important part in the acoustics of the 
pianoforte string. The amplitude of different harmonics depends on the nature 
of the pressure exerted by the hammer on the string as well as on the duration 
of time for which the pressure acts. In practice, the hammer generally strikes 
near one end of the string to elicit the fundamental ami other important harmo- 
nics more strongly . The position of the struck point de]Knd,s of course upon 
the mass-ratio of the hammer and the string. So the correct determination of 
the duration of contact in sttch cases both experimentally and theoretically is of 
great value. 

In this paper it is proposed to study the case of a string struck by a hard 
haniiiier and to critically examine the different existing theories on the subject. 

In his well known theory of the pianoforte string, Kaufmaun ’ has assumed 
that the shorter segment of the struck string behaves like a rigid rod and re- 
mains straight during the time of contact. 'I'liis, however, is not the case, since 
Banerjee and Ganguli have shown that the shorter segment vibrates during the 
time of contact. According to Kaufmaun,^ the displacement of the struck point 
during contact is given by 


Y 


® cK 



sin A ct, 


(i) 


* Comtnumcated by the Indian Physical Society. 
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where A = 



(2) 


and p — linear density of the string, — initial velocity of the hammer, a — leiigtli 
of the shorter segment of the string, c — velocity of tlic transverse wave i>ropaga- 
tion along the string, ui — mass of the hammer + 1/3 tlie mass of the shorter 
segment of the string. 

Tlie duration of contact is the lowest root of the pressure cciuatioii and is 


obtained by equating 


dl'^ 


to zero. 


It is given by 


i 



where A is given f)y equation (2). 

Starting from Kay]eigli\s theory of the loaded string, Raman and Banerjee'^ 
have tried to develop a theory of the struck string and have obtained an express^ 
ion for the pressure exerted by the haminer in the form of a series. This series 
has been shown later on by Kar to be divergent. Kar and (Biosh ^T^^ve, how- 
ever, pointed out that only the first term of the scries should explain the acous- 
tics of the struck string. The expression for the displacement of the struck point 
as given by Kar is 


y _ 2Vo . SU1 A cl 

— (a cosec® \ a + b coscc® A 6) + 1 
m 

where A is the lowest root of the equation — 

m A sin Aa. sin \b = p sin Ai, ... ... (6) 

where Z = a+ b = the length of the string. 

(Obviously it is not an easy task to evaluate A from the equation (6); even the 
graphical method involves enormous labour. So in their generalised theory of 
the vibrition of the struck string which has gained currency in current literature 
^Vide llandbuchder Experimental Physik, VoL 17, Parti, p. 257; Part 2, pp. 21^ 
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and 227 (193-1)], Kar and Ohosh have approximately solved equation (6) for X 
and found that (when b >l^a) 




' _ ^ i \ 

Ilia 3m2 ’ - ^7) 

wh6rc fn stands foi the mass of llic liaiunicr only. It is intcruslini^' tlial with this 
value of A, equation (5) becomes 


Yo = ^ sill A cf, 

CA 

On equatin.^^ to zero, w^e get for the dnrali 


(S) 


Eilion of contact 


cA 


(q) 


The value of the dumtion of contact obtained from Kanfmann's tlieory is 
very nearly tliu same as that ,eiveii l)y Kar-rxhosh (vide tables 1-V). 'J'lie small 
difierence in the value of A in the two cases may evidently be attributed to the 
fact iJiat Kaufniaiin's formula is based on the avSsumption of ri^iidity for the 
shorter segment of the string, whereas Kar-Clhosli\s theory is free from any such 
assumption. 

In tables I-TV, the values of the duration of contact calculated from the 
formulae of Kaiifmann and Kar-(Ihosh have been compared with tlie corresiiond- 
ing experimental results. Four sets of exjierimeiital data, which are available 
for the duration of contact witli dilTerent striking distances, have been taken and 
may be considered quite suflicient for the present investigatioji. Tlie correspond- 
ing curves aie given in.ligs. 1 to 4 and to avoid confusion tliey have been 
marked — Kxperimental, Kaufmann and Kar-Clhosh — in eacli figure. 


Tabi,e T- 


2/ 


[/'-90 cm., ;ji = /i*4gm., /p = 3’i75 gm., ---^===1/128. P = o’o353 gnu] 


Striking distance 
‘a’ in cm. 

Duration of contact in sec. k lo^ 

Kxperi mental 

Kaufmann 

(3) 

Kaufmann 

(4) 

Kar-Ghosh 


3-55 

4‘"3 

4-3«7 

4*352 

12 

4-64 

/1-86 

5-423 

5-359 

t6 

57" 

5*55 

6*220 

6-224 

20 

6*41 

6-33 

7-127 

6-997 


[Data taken from Kaufnianii— Ann. d. I'liys. U. Clie. Ik 5/], table II, p. 696 (1895)! 
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Table II. 

[i/=240cm., m=46gni., lp = \ 6 '/\ gm., = o'o356, p = o’o683 gtn.i| 

c 


Striking distance 
‘a’ in cm. 


Duration of contact ‘4»* in sec. 

X 10 ^ 


Experimental 

Kaufnianii 

(3) 

Kauftnaim 

(4) 

Kar-Gliosh | 

Graphical 

15 

2*62 

3-245 

2-356 

2-350 

2-458 

20 

2*63 

2-576 

2*726 

2716 

2780 

25 

3*56 

2-868 

3-f^.S5 

3-042 

j 3-076 

32 

3-69 

3-234 

3-466 

3-447 

\ 3-404 

40 

4'32 

3'51P 

3-890 

3-861 

\ 3-793 

5 ‘’ 

4 '32 

3-991 

4-367 

4-328 

\ 4-054 

60 


^•351 

21-804 

4-752 

\ 

4-324 

80 

3'-LJ 

,1*98,1 

.S-59J 

5-516 

4-698 

100 



^-305 

f)-20( > 

4-969 


[Data from l^ancrjcL-ConiJ.nli — Pliil. Mni:;., Vol. 7 (lojg) J 


'I'ahijc 111 . 


I / = 2 ..|n cm., m = 13*4 i^m., /p== — '=o’() 35 (), J 


Sirikiiij^ tIi.staiK'o 
‘a in cm 


Duration of rf^ntn^'t in Si r. x to^ 



IVNperi menial 

Kaiifmaiin 

( 3 ) 

Kanriiiaiui 

( 4 ) 

Kar-( iliosh 

i.S 

I '23 

1*170 

I *292 

1*279 

20 

T-42 

' - 5 ^ >3 

J 

i--i 85 

25 

I- 5 T 

1 *500 

1*692 

1 *666 

30 

170 

1*640 

1*865 

i -834 

35 

179 

1*760 

2*030 

1*988 

40 

2-05 

l-Sgo 

2 *1184 

2-137 

45 

2'II 

2*000 

2-335 

to 

00 

50 

2 ’33 

2*090 

2*477 

2*412 

55 

2 - 4 ^^ 

2*170 

2*616 

2-541 

60 

2*66 

2*284 

2*751 

2*667 


[Data taken from Baucrjee-Ganguli -Pliil. Mag., Vol. 7 (1929).] 
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Table IV. 

[/ = 6oocm., fn = 3i’2i gm., Ip = 2g'7 gm., 2//r = o'o43i6, p = o'o495 gm.] 


striking distance 
‘ a ' in cm , 


Duration of contact 

‘ * in sec. x lo^ 


Kxperiinental 

Kanfinann 

(3) 

Kaufmann 

(4) 

Kar-Ghosh 

30 

1-1035 

I -308 

1-317 

1 '3 o8 

.jo 

I *3630 

1-385 

1 ’532 

^■517 

50 

1-4335 

1-53^^ 

1-724 

1*702 

60 

1-4835 

1-678 


1-871 

70 

1 -5S85 

1S05 

2 -066 

2 031 

80 

1-7655 

1 -92/1 

2*223 

2 -i8o 

9(1 

1-8255 

2-035 

2-373 

2-321 

100 

1-9345 

2-141 

2-518 

2-458 


(Diit.'i taken from Ghosh, Ind. Jotir. of. Phy.';., Vol. VII, I’art V, table I, p. 373.) 


Table V. 

[/ = y2 cm., /p = 3‘25 gm., a = 4'5 gm., 2//f=i/i28, p = o'0353 gm.] 


Mass * 111 ' of tlie 

Duration of contact ‘ ’ in see, x lo^. 

haniiiier in gin. 

Kxperinicntal 

Kaufmann 

(3) 

Kanfinann 

( 4 ) 

Kar-Ghosh 

4-4 

3-047 

2-984 

3*227 

3-174 

9-0 

4-101 

4-320 

4-564 

4*477 

n -4 

5-078 

4-875 

s-125 

5-125 


(Data taken from Kanfmann— /Inn. d. Phy. U. Chem. Hand, s.-j (1895), table III, p. 6y6.) 

In table V the experimental and calculated values of the duration of contact, 
for the same striking distance but for different masses of the hammer, have 
been given. 

In the last column of table II, we give the values of the duration of contact 
calculated from the lowest root of A as obtained directly from equation (6) by the 

w 
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graphical method. It may be noted here that although the graphical method of 
finding A is very tedious, yet it is undoul)tcdly more accurate than the approxi- 
mate method of Kar-Crhosh. 
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A critical study of the experimental and Ihcoi-etical values as given in the 
adjoining tables (I-V), reveals the following noteworthy features : — 

(0 I'he theoretical values obtained from Ivaufmann's formula ( 3 ) are syste- 
matically less than those of Kar -Ghosh, although to a small extent. 

(//) The values obtained from Kaufmanu*s approximate formula (z]) are 
practically the same as those of Kar-Ghosh. 

(in) In tables I, IV and V, Kaufmann's values are in better agreement with 
the experimental results where the linear density p of the string is comparatively 
small, whereas, in tables II and III where p is relatively large, Kar-Ghoish’s 
values are in closer agreement with the cxj^erimental results. 

(iv) The values obtained by the graphical method as given in tal)le II are 
generally in close agreement with Kar-Ghosh's values when the striking dis- 
tance is relatively small. 

It may, therefore, be observed that the agreement between the experimental 
and theoretical values is sufficiently close to testify to the fact that the theoretical 
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fnriimlac of both Ivaufinann and TCar-CihosIi reasonalily explain the acoustics 
of the struck string. 

Before concluding, we think it worth while to make a i)assing reference to the 
\vork recently jnihlished by Iyengar on the subject. In his luaper Mr. Iyengar 
has attempted to establisli the convergency of the series originally introduced by 
Raman and Baiierjee as referred to before. In so doing, he has broken up the 
series into three component series and thus the expression for the i)ressnre 
comes out as 



where , ji being a suitably chosen constant. ( )f these coiiii)oiient series 

n 

the first tW'O arc obviously convergent, while the third one is divergent, although, 
curiously enough, he thinks it to be slowly convergent for no other reason llian 

30 

• x-t T 

that it is less than the diveigcnt senes S 

1 ” 

It is, however, ap])arent from the closeness of agreement of Kar-Clhosirs 
theoretical values with the experimental as also with the gra])hical values, that 
the idea of iuti educing the scries should be abandoned. It should be noted in 
this connection that the problem of the pianoforte string is essentially difl'ercnt 
from that of the vibration of a string to which a load is i)ermanently attached It 
is only in the latter case that this idea of the series may l.)e supported. 

My best thanks are due to Mr. M. (BiOvSh, M.Sc., A. Inst. P., for his valuable 
help during my present investigation, I must also thank Prof, K. C. Ivar, D.Sc., 
for his interest in the paper. 

I^HYSl CAlv 1 vABOK AToKV , 

pRiiSJ uJ'iNCY Coixm ai, 

Calctttta. 
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ON THE POLARISATION OF RAMAN LINES OF FORMIC 
ACID, AND FORMATE AND TRICHLORACETATE IONS. 

By JAGANNATH GUPI A. 

(Palit Research Scholar in Ciheini.slry.) 

{kcccivcil loi piiblii tilioii Inly \tli, iijiti) 

(Plate XIX.) 


ABSTRACT. — Tlic (Icj^rcc.s of (.It'i)ol.irisatioii oi llic pioinim-nl k.iinan lims of loniiii' acid 
and of .sodium foraiatc and sodium Irlcliloraiclati in ai|iU-'oiis solutions have hccll 
mua.surcfl, u.sing a douhlc-imagi prism to rciord tJic tuo coiniionunts simuUaiii'on.slv and 
dctfiliniiiiig the relative inteii.sities of the eomiionents with the hell) “f hliukening-log 
(intensity) curve, s. It is loiiiid that the degree ol depohni.satioii of tlie line i.yjS cni“* of formic 
acid is -.ii, which is niiieli greater than thaloieitl)crthelinei.i53cnrJof,sodiiun(onnate 
or the line* 1330 cm'* of sodium trii-ldoracetate. 'I'hi.s lact indicates positiveh that the origin 

of the line 1353 cin'^ of sodium fornute is diflirent from thal ol the line 131)8 enr* of formic 

acid. The agTcenient between the values ol n of the line 1353 cm 1 ol .sodium formate solution 
and of the line 3330 enr* of .sodium tricliloracetate .solution goes to .show that the two lines 
owe theii origin to the .same mode of vibration of the earbo.s;\l group. 

I N T K (.) L) U C T ION. 

It ii> well known that the degree ol dei»olari.sation i>, ot a Kaniau line is an 
unmistakable guide to the understanding of the vihiation whieh causes tlie 
appearance ot the line, luspite oX the fact that the nieasurejiieiit of i> is exceed- 
ingly difficult, the polarisations of the Ranuni lines of a large nnniber of sub- 
stances have been &ucce.ssfully investigated liy scxeral workers using the accurate 
methods of photographic photometry of .spectral linc.s, and in those ea.ses where 
the results can be interpreted, it has been found that they are in agreement with 
those expected iroiii the theoretical point ol view. 

Attempts to interpret and make a comparative study of the Raman spectra 
of carboxylic acids and those of their metallic salts in solution have been made 
only recently. An examination of the Raman spcctriini of trichloracetic acid 
led Kohlrauseh * to suggest for it tlie struetmre as proposed by Hautzsch for the 
fatty acids. A marked difierence between the spectrum of a put e acid and that 
of its metallic salts in solution led Rcyclics ^ to put forward the view that the 
angle between the two (C-0) bonds ina-eases in solution when the salt is ionised. 
All these view’s have been discussed and extended by the present author in a 
previous paper."’ 

It is evident that the correctness of the hypotheses mentioned above can 
be easily tested by making a comparative study of the values of p, the degree of 
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depolarisation, of the Raman lines of carboxylic acids and their nietallk' salts. 
Sufficient data for this purpose are not available. The values of all the Raman 
lines of formic acid rcpoited by Parlhasaratliy ■' seem to be too high ; foi instance 
in the c.'ise of the band at i8o cm~’ the value of p as reported by him is 1-4, i.c., 
the line exhibits anomahms depolarisation ; but theoretically, values greater than 
6/7 can never be exiicctcd and it has been definitely shown by Biir that such ancK- 
malous depolarisation of Raman lines does not really exist. For this reason, 
measurements of the degrees of depolarisation of the Raman lines of formic acid, 
sodium formate solution and sodium trichloracetate solution were undertaken by 
the present author. Tlie results have been described and di.scus.sed in the 
present paper. 


F, X I‘ F R 1 M Iv N ■]■ A L ■ 

The straight ])ortion of a quartz mercury arc cooled by breeze was focussed 
with a big conden.ser on a Wood’s tube placed parallel to the arc. Some portions of 
the tube were painted black to avoid reflections. At the centre of tlie ]dan(ii window 
of the Wood’s tube a rectangular portion, about 4 mm. square, uas left u\ipainted 
to transmit the scattered light. The scattered light was allorved to ]rass through 
a double image prism of the Wollaston type which re.solved the scattered light 
into two components. The components were then focussed simullaneou.sly with 
a short-focus lens so that the two images of the aperture were formed on the slit 
of the spectrograph, one being vertically above the otlicr. Kvery precaution 
was observed to avoid any stray light from anywhere, and to'keep the Wood’s 
tube, the prism, the lens and the collimator axis in perfect alignment. The two 
components of the scattered light were thus simultaneously photographed with a 
Hilger two-prism glass spectrograph on Ilford ('.olden Isozeiiilh plates. Intensity 
marks were then taken on the plate by varying the width of the .slit of the 
spectrograph and using a standardised tungsten ribbon lamp as the source of 
continuous radiation for this purpose. The scale attached to the slit of the 
spectrograph had been previously calibrated with tlie help of a comparator. 
Microphotometric records were taken of the spectrograms with a self-registering 
Moll microphotometer and the ratio of the intensities of the two components 
of each Raman line was determined by finding the respective intensities from 
the blackening-log (intensity) curves for the corresponding wave-lengths. The 
corrections for the continuous background were carefully made. For this purpose, 
for any Raman line the total density produced by the line and the continuous 
background together and that for the latter alone were measured, and with 
the help of the blacljening-log (intensity) curve, the corresponding total intensity 
and the intensity of the continuous background alone were separately determined. 
The intensity of the Raman line was then obtained by subtracting the latter 
from the fonner. 
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In the experimental arrangement described above there are two main sources 
of error, one due to lack of transversality of the incident beam and the other 
due to loss of intensity of the vertical component of each Raman line owing to 
reflections at the surfaces of the prisms inside the spectrograph.* In order to 
correct for these errors, the dejiolarisatiou factors of the Raman lines of carbon 
tetrachloride were determined with exactly similar experimental arrangements 
as used for the .substances mentioned above. The observed value of p for the 
line 459 cm~' of carbon tetrachloride was then compared with the accepted 
standard value reported by previous woikers and the correction factor was cal- 
culated. It was found that when ‘06 was subtracted from the olxscrved value 
of f> of each of tlie Raman lines, the values so obtained agreed closely with those 
reported by Cabaiines and Rous.set.'^ The corrected values are tabulated below 
for comparison ; 


A v 


450 


'70 

■‘*5 

' 1 n -Sa 

T Cnbannes and Rousset. 

'79 

■‘^5 


11 Author, 

This correction factor was therefore used for getting the true values of p 
of the Raman lines of the substances under investigation. 


R R vS TT h 'r vS . 


Degrees of Depolarisation of Raman Dines (corrected values). R.xciting Dine, 
llg. 435S 


I'onnic iK'id. 


vSndmui foniuiti.' si»lntion. 


IvSodiiiin IridiloraalnU* .stdiition. 


A*'. 


P- 


/\y. 


P- 
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P‘ 
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^75 ! 

7 
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(•-p 



i07ii 

•17 





^735 

■7 



-834 

•47 

m /\\ 







■()8 

depolarised 

P>-7 


-24 


1667 


depolarised 

P>‘7 


The error from the latter source was \cyy siiiall, because Hit' experiniental arrangement 
v\ as sucli that both the coniponciils were inclined tu the vertical at about /js". The particular 
Wtjllastou prism sui:>r3licd by the manufacturers is such that when the separation of the two 
rays is in the vertical direction, the principal plane is inclined to the vertical at an angle of 
about 45“. This angle was determined and the incident beam was sent in this direction in the 
actual experiment. 

-| Kxcitatiou by 4047 A Ilg line* 
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DISCUSSION or R li S U u T s . 


Tt can be seen from the results yiven above that the line 135a cm'’ in sodium 
formate solution is much more polarised than the line 13^8 cm“’ in pure formic 
acid. In a paper on the Raman spectra of formic acid and metallic formates, 
Veiikateswaran ^ attributed to the line 1353 cm“' of sodium formate the same 
origin as the line 1398 cni~’ of pure formic acid, viz., the deformation oscillation 
of C— H in the HC( ) group. ( )bjectious to this view were put forward by the 
present author in a i)revious paper ' from a comparative study with the Raman 
spectra of other acids like trichloracetic and its sodium salt in solution, in which 
the alternative view was i)ut forward that the line has its origin in the inner 


oscillation of the 



group. 


If Veiikateswai all’s views are accepted to be correct and the line \ 1353 of 
sodium formate is assumed to be the same line as 1398 of formic acid, — ffli!;]jlaced 
only under the influence of the metallic ion, — it follows that the depolarisation 
values of the lines must be identical, since the value of p depends onl^ on the 
mode of vibration. I he essentially different values of /> of the Hues 139S of 
formic acid and 1353 of sodium formate .solution as shown in these depolarisation 
measurements show tliat they cannot have the same origin. 


On the other hand, the agreement of the value of p for the line 1353 of 
sodium formate with that of the line 1330 of sodium trichloi acetate is more 
satisfactory, and the small difference in the values can be »attribnted ' to the 
presence of some continuous background in the spectrum of sodium trichloracetale 
solution, which could not be lemoved. 'I'lie aj-dinitrolien/.ene filter may have also 
effected a partial depolarisation of the lines of sodium trichloracetate solution. 
The essentially high degree of polarisation of the line 13300111.“' is however 
evident, even under such e.xperi mental difficulties. This agreement in the two 
values goes a long way to show that the two lines are originated from the same 
mode of vibration. 


The next question that arises is whether the line 1 353 in sodium formate 
or the line 1330 in sodium trichloracetate is due to the symmetric or to the anti- 


symmetric vibration 


of the 



group. 


In the case of the acids, it was 


suggested by Kohlrausch that the line in the region of 1650 cm. ' is due to the 

symmetric vibration, and that in the region of r^oo cm.“' to the antisymmetric 


Vibration of the 


HO'*) 


group. This view is supported by the values of p 


observed in the case of formic acid, where the line 1672 cm. ' is highly polarised. 

The reverse, however, seems to be true in the case of the salts in solution. The 
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A — Pure formic acid* 

B — Sodium forinalc solution in water. 

< I )— Strong component. (/)— Weak component. 
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exceedmgly sharp and intense nature of the line in the region of 1350 cin"'^ 
as compared to the broad and dilTuse nature of the line near 1650 cin“^ in the 
solutions of the salts of the acids, naturally suggests that the former line is 


caused by the symmetric oscillation of the ionised carboxyl group 



This view again is definitely verified from the depolarisation measurements, 
as the line 1330 cm“^ of sodium trichloracetatc is shown to I )e highly polarised 
and the line 1650, depolarised. Such a reversal in the values of p is not 
inexplicable since it has been suggested by Peyches and confirmed from X-ray 
analysis by Hendricks and JefTerson ® in the case of ammonium oxalate that in 
an ionised carboxyl group, the angle between the twoC-O bonds assumes a 
much greater value than in the pure acid. Such a large increase in the angle 
will profoundly alter the shaiie of the ellipsoid representing the change of 
polarisability, upon which the value of p ultimately depends. 


The difTerence in the values of p of the lines 2735 cm,""' and 2H34 cm."*^ 
vSeems to be significant. Since one of the lines is almost comi)letely depolarised 
and the other is jiartially polarised, it appears that these two lines may be due to 
dilTerent modes of vibration of the (C~ 11 ) group. wSince there is only one line at 
29630111’^ in formic acid due to the valence oscillation of the CH group, while 
Ihcre arc two lines having difTerent degrees of depolarisation in the case of tlie 
formate ion, it is quite probable that in the latter case the C — H binding has 
undergone some changes in orientation with respect to the axis of the molecule. 
It is suggested that the change shown below diagrammatically may have taken 
place,-- 


h_c<;>h .[ 

H 

acid ion 

'Phis may represent the stage of the ions which have not yet undergone 
( oniplete i^rototropic rearrangement as suggested by Ray and vSarkar and 
discussed by the present author previously.^ 

In conclusion, the author wishes to express his respectful thanks to 
Sir P. C. Ray for his kind interest in the work and to Prof. D. M. Bose for 
providing the author with facilities to work in the Palit Raboratoiy of Idiysics. 
The work was carried out under kind guidance of Dr. vS. C. Sirkar, to whom also 
the author's best thanks are due. 


Pai.it CnicMicAL Lmiokatouiks, 
IhNivrusTTv Coi.U'C'.K, or Scn-xcu, 
CMci'rnW: 
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as is known to be the case in the compounds of the iron group. This latter 
type of absor])tion of theCe' *' ion in solution was first investigated by Bose 
and Datta,' who observed two bands at 2070A. 2525S, and later three more 
bands at 23S0S, 2225S and 2105^. The first two bands were ascribed to the 
transitions /I ®F,r, — s'^Dr, s and this explained all their peculiarities. Freed ^ 
Studied tlicse bands over a wide range of temperature from room temperature 
to that of liquid hydrogen, using cerium chloride and cerium-ethyl sulphate, both 
diluted and undiluted with the corrcsi)onding isomorphous lanthanum salts. There 
is a considerable shift in the position of the bands with the change of tempera- 
ture as also with the change of the anions, and from these Freed was led to 
tile conclusion that the bands have their origin in transitions to some virtual 
outer orbit, such as 5(i, wliich is split up in the inhomogeneous crystalline 
electric field. i 

In the ions of the next higher elements, Tiic., Pr' ' ^ and I, the line 
absorption is known from a long time and it seemed worth-while to inWestigate 
whether this second tyj)e of absorption, giving rise to broad and tliffilse band, 
also exists. It is well known that with the increasing atomic nnmber, the position 
of the bauds, if there be any, will shift gradually to the farther ultra-violet 
side. The jn'cseut work was undertaken with the object of investigating the 
presence of similar absorption bands, if any, in the ions of the second and 
third members of the rare earth series. The salts of Pr"^"^ and Nd' of very 
high purity both as chloride and sulphate, were kindly supplied by Dr. P. B, 
Sarkar, of the Chemistry Department. 

The investigation was canied out l)y two difl'crenl methods, (i) with 
a spectrograph and (2) with a Ililsch double monochromator, which are 
described below. 

I. In the ([ualitative investigation of absorption a quartz Ililger spectro- 
graph and a hydrogen discharge lube were used. The latter was run from a 
small 3 K. V. transformer with a current not exceeding 100 M. A. 


R K S U LTS. 


(a) It was found using Pr 2 (vSO 4). j solution that at a certain coixceiitration 
a broad and diiTuse band made its appearance, extending from 2750A to 
On increasing llie dilution still more, the broad band began to show some 
structure and al a sLiitaI)le concentration three separate component bands wci'c 
distinctly visible, all of them being weak and diffuse. The mean positions of 
the centres of the bands arc given in table I together with the dilution at 
which they appear most distinct- A microphotometric record of the absoiption 
si)ectra is reproduced in figure i, along with that of the continuous source used. 
The absorption spectra are shown in figure a- 



Fig. 



water. Bands at 2730, 2605 and 2560 A ( from the left ). 


Fig. 2 
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The result with the chloride solution, however, \vas not >so satisfactory, 
there being a continuous absorption in the ultra-violet which could not be got 
over even by repeated treatment witli HCl and re-crystallisation. 


r A n L i*: i. 


Hi In t ion. 

'i'h irk ness. 

CVntir of absorpticui Immls, 

1 / 10 mol. 

5 

(One band) 2750 X- 2530 A 

1/40 mol. 

} > 

(Threr bniuk.) 2730X. 2OL15X and 25OQX. 


(b) Nd2 (vS()4):^ solution was similarly investigated, but no such broad or 
diffuse absorption band was noticed. Some lines both of sharp and diffuse 
nature, which have not been previously noted, appeared in the ultra-violet 
extending upto but no band of the type discussed above could be dis- 

cerned even upto 2:^50^, which marked the long wave-length edge of the 
continuous absorption. On increasing dilution, gradually the position of the 
absorption edge shifted to the ultra-violet side, till linally the whole of the 
ultra-violet region upto 2100^, was traiisinitted. The position and nature of 
these new lines obtained arc given in table II . 

In repeating the exjieriiiient with NdCb; solution, difficulties, similar to 
tliosc met with in PrCl;^ solution, were experienced — continuous absorption 
commencing at much longer wave-length. In consequence of this, the last two 
of the new lines were not observed when using the chloride solution. 


T A u h ti II. 
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2730 ^ 

.■) 

1 
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2brjO A 

1 

‘1 

do. 

do. 

- 5' '5 X 


2. The absorption was next studied with a Hilsch double monochro- 
mator, in order to estimate the intensity of absorption as also to determine 
precisely the x>osition of the bands. The details of the working of the instru- 
ment is given in a joint paper by Hilsch and Pohl and the actual experimental 
arrangement here adopted was the same as that used by Datta and Deb ^ in their 
recent investigations on Ce^^ ' ion. 
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In order to measure llie absorption, two identical quartz cells were filled 
respeclivcly with the solution of suitable strength and distilled water, and were 
placed successively in the path of the monochromatic beam, the photoelectric 
current being recorded in each case. The ratio of the currents gave the ratio 
of iJie intensities of the, transmitted light in either case from which the percent- 
age of absorption was calculated. This was repeated at close intervals on the 
ijjonochromator scale and a curve drawn with the percentage of absorption 
and wavedength as ordinate and abscissa, 

I'he curve for Pr2 (SO^)^ solution is given in figure 3 in which using very 
dilute solution the first band is isolated, but the following two closer bands 
coalesce into one on account of the relatively small dispersion of the monochro- 
mator. The wave-lengths corre.sponding to the absorption peaks observed here are 
given in table III. This whole process was repeated with Nd^ (vS().i)3fSohition 
and observation continued up to 2350 A, the short wave-length limil of the 
intense portion of the spectnim emitted by tungsten -steel spark, but no selective 
absor])tion band could be detected. \ 


ViO 3 




TahuvIII. 


Conrentratiou 

Thickness 

Absorption maxima 

1-4 % 

1 cm. 

3735 



8575 
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ion, with the sulphate solution a In'oad diffuse baud is observed 
which shows a distinct structure cm dilution, being resolved into tlirce coiupo- 
uents at 273« ^ and 2560 X. This is in contradistinction to tlie 

behaviour of the other lines and bauds in the visible region, where no amount 
of dilution brings in any change iu structure, there l)eing only a gradual fading 
of the aixsorption lines and bands with the reduced concentration of the ion, 
Ihu'thcr, it is well-known that the(!^( ),^)" ion has no absoi])tion in the ultra-violet 
j’cg'i on before 200111/^, so that the band observed here must be asscKua led with 
the cation, Pr^ ' "' . The origin of this diffuse band, so sensitive to the influence 
of the neighbouring ions and molecules, from which the inner states are complete- 
ly free, is to be attributed to a txunsitiou from an inner to a virtual outer orbit 
of the cation, as has l)eeu done successfully for theCe'^' iom Again, in the 
latter case the first fnind a])pears at 3000 X, whicli is decidedly on the longei 
wave-length side of the liand in c]uestion in acc'ordancc with exjiectaticms* 

The outer electronic couliguration of the IT' ^ ' ion in the unexcited state is 
given by 

4/ 


and on account of the complication arising from the presence of two electrons in 
the 4/-shell, it is difficult to ascertain the particulaj quantum transition giving 
rise to the bands, ff'he equivalciil electrons in any shell have generally their 
/-moments strongly coupled Avith eacli other as also their .^-moments, and accor- 
dingly the states allowed for the two 4/-eleclrons are given by , P, P) ajid 
' (f, G, D, S), of Avliich ‘’Ji evidently represents the ground or normal state. 
When in the process of absoriUioii one of these two electrons is excited to the 
next outer virtual orbit, ^d, the state of lowest energy of the new conligura- 
tioii (4^, 5c/) is again given by '7/ ; and this transition is forbidden by the usual 
selection rules. ( )u the other hand, il the electron proceeds to 05 or i'tp orlhls, the 
final states are or of which the former is again forbidden as the /-value differs 
by 2 from that of the normal state. The latter transition, though not impossible 
would be infrequeut on account of the increase of the princiiial quantum number 
by two units and liencc would result in a very faint band, which would be located 
ill the far ultra-violet. If, on the contrary, it be assumed that the strong 
coupling between the /- and .v-vectors of the two 4/-electrons no longer exists when 
the ion is in the excited stale, as they are separated liy a closed octet shell, the 
other type of coupling, vie,, the j-j coupling is jjossiblc. According to this 
second type of coupling, it is easy to see that the trail sitiun of one of the electrons 
from 4/ to 5d orbit is (luite possible, and it may be concluded, therefore, that 
the band is due to similar transition as in the Ce‘ ' ion. The higher bands due 
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to excitation to still higher orbits will naturally be much weaker and lie on the 
far ultra-violet side and so have not been observed. 

The result obtained with Nd''''-ionis not so conspicuous. New lines 
have been observed in addition to those obtained previously by Baxter and his 
co-worker'’, which are more or less sharp and their appearance is not influenced 
by change in concentration. Freed has reported to have observed a very w'eak 
and broad band of diffuse nature, extending from 2280 to 2100 X, using undiluted 
crystal of NdCly, PH^O. 'I'he nature and position of the band is in close con- 
formity with the above view, remembering that Nd is the third member in the 
rare earth series; but in the jireseiit investigation no trace of such a baud was 
percci)tible. 

As noted above the absorption bands in solutions of the rare earth chlorides 
are not so prominent as those in the case of sulphate solutions, as their effect in 
the former case is masked by the presence of continuous absorption onithe ultra- 
violet side. In order to test whether the continuous absorption in the\ chloride 
solution W'as due to formation of any complex ions on aging, a poi tipn of the 
suliihatc solution was converted into chloride solution of the same strength and 
the fresh solution examined spectroscopically. Tt was found that the coi\tinuou.s 
alrsorption still persisted and masked the aiipearanee of the selective bands- 'I'liis 
shows that the continuous absorjition was not due to any effect of aging of the 
solution but is to be attributed to the presence of the halogen anion. The 
presence of such continuous absorirtioii in the neai ultra-violet region has been 
noticed in other halide solutions, when the halogen atom is attached by covalent 
bond to the metal atom. It is, therefore, to be presumed that iu the chloride 
vSolul ions of Pi'^ and NeV^ '' -ions investigated, tliere is some sort of covalent 
landing, resulting iu tlic near ultra-violet continuous absori>tion, which is not tJie 
case with the more stable sulphate solutions. 

Jn conclusion, the writer desires to express his grateful thanks to Prof. 
D. T\I. Pose, for his kind interest and advice during the inogress of the work. 

PvriT ln^VSIL'\r IvAHOkXTOKV, 

I'MVlvKSnv CoM.l'ir.h, (.)l' vScihACi'., 

C'vrcnrTv. 

RK !• liR ivNC KvS. 

^ J). M- Pose and S. Datta, Nature,^ 128 , ^70 (ig3i). 

Zrit, /. riiys,, SO, 378 (1933)' 

2 S. I'leeik Pliys, RriKt 38 , ^123 (193^). 

^ R. W. Pohl, Narht, d. Goitinii. Akad. d. UlsscnscJi,, 

Math-Piiys. Klassc, 185 (1936). 

R, Ililsdi Zcils. U Phys., W, 421 (1927). 

^ S. Datta Pel), Ind. J. Pliys., 10 , 163 (1936)- 

•'* Paxter and Woodward, J.A.C.S., 36 , 270 (1911). 

G vS. Freed, lOi.\ c'd. 



39 


THE PHENOMENON OF ANODE- SPUTTERING AND THE 
DEPOSITION OF METALLIC FILM ON THE CATHODE 
OF A HADDING’S X-RAY TUBE. 


By S. SHARAN, M.Sc. (Pat.) 

(Received lor piihliealhni, Itilv iQV'-) 

ABSTRACT.— Pbi' for llu* (k poMlioii of Cii nnd PL filnis 0:1 Iru- faUiotlp of a Ila(J(lin(>\s 
X-ray lube, durin.L!; tlie prori'^s of its working, as publisluHl in previon.s papers lane been put 
lo a complete nnal\ sis wiHi a vi(‘w I0 explain wJiv (.lie rings visi]>le on tlie siirfaee ol llie 
lalbode, due I0 tl]e TiiUrfereiiee of ligbl in Hie inebdlie Hiiii lilng do lud cdl oI)ev (a few do 
obey) Hie r.rdinarv fonimla lor Newton's rings lorined iji a nieilinin bounded liy Iwo s|)beTieal 
snrfaees As .i result of Hu' analysis, it lias luen shown that the upper surfaec of tlie film Jms 
iiol got a iniifonn radius of curvature over Hu- ^^hole surface. The electrical held existing in 
the tube has been (U'sciibed and it lias been shown that if the iiarlicles ( initted bv Hje anode 
be all of the same charge-, their distribiitien on the cathode due to the held will be such as to 
produce a him of uiiilorni radius ol curvature, liut il t]ie ])arti(‘les Ik- of dissimilar ('liargCvS 
tlieir distribution will not produce a him o( uniform radius of i-urvatiire. iTom the analysis 
of the data in the present cases, if has been shown that the deposit on a limited portion near 
the periyhiery of tlu cathode eoiisists of only singly charged particlr^s, wlrilc the deposit on Hie 
K-st of the cathode ('onslsls of both singls and iloubly charged i>articlcs. 11 has been also point- 
ed out that in the centre ol the cathode, over an area ni about one cm. radius lhi*re is anothei 
complication introduced ilue to Hie splullering of tlie cathode b\ the impingement of the posi- 
li\’e ra>'s. 

I'rorn the data a constant C ('an lie oblainrd which has been .shown to depend on .some 
dehnite factors concerning the tiilie and Hie material of the anode. A mefhod based on experi- 
nu-nts of tiiis ualure has been [iroposed fur investigating the plieiioinenon of anodc-spiitlering 
and an application of this to the presi nt case gives ri-sult similai lo lliat of the cathode-sjmt- 
tering. 

In the end a short diseussion on the theories of anode-sputtering has been ineluded. 


1 N T K O D V C T I () N . 

TIk- pliaionicnon (il catluxlc-.siiullcriiij^ and thf formation of inotallic films 
on surfaces due lo particles shut out from the cathode is a phenomenon very 
well known and widely investigated. The allied phenomenon of anode-sputtering 
has been comparatively less investigated owing perlia])s to the high voltage re- 
quired ill the process of sputtering and lo a very long exposure required for the 
deposit of a film. About three years ago, the author’ while working with a 
Hadding's X-ray tube observed brilliant coloured rings on the surface of the 
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concavL* cathode which were ascribed to the interference of light in a thin 
metallic film ou the surface of the cathode, formed of particles shot out from 
llie anti-catliodc. 'Hie author worked with co]>]>er anti-cathode. vSince then the 
work has I^een extended to platinum anti-cathode and data, obtained under the 
same voltat^e on the lube, have been published.^ 'rhe results are similar, 
loir exam]>lc, it is observed tliat the curvature of the iii)per surface of the film 
is not uniform over the whole surface of the cathode, but only over a small 
range and hcjice the formula for Newton’s rings holds good only for some of the 
rings. It is the puri)ose of this paper to analyse the data above referred to, in 
detail and to suggest reasons for the particular nature of the dci)osit on the sur- 
face of the cathode. Further some suggestions shall be made to utilise this 
sort of experiment for the investigation of the phenomenon of auode-sputtcriiig. 


O FN K R A h 1' n 1U)R Y . 


In llie ouse of those liiigsfor wliicli Ihcfonnnlafor Newton 'srings h^ilds Rood, 


A R I . R o 


Ri-Ro 


= const. 


where .v-thc raduis of the particular rings, 

Ri and R2'’the radii of curvature of the two surfaces ol the film, 
and the other terms have their usual significance. 

If Ri —R-i is small, as it is in the present case, 
we have, 

8 R- \ R 2 . 

li.x-ju 

111 the case of rings for wliicli j ii is not constant, SR is not a con 
is a function of a' and ii. 


.... (a) 

stant, but 



FlGtTRK T. 


Now we shall show how the thickness of the film may be calculated from the 
values of SR. Figure I («) represents the state of affairs when the cathode is de- 
posited with the particles, the deposit at the centre of the cathode being nil. 

Ret ( ) 0 ' = F ] - R -2 and MN = a 

It is clear from figure i (n) that it is obtained from figure i (b) by shifting 
the smaller ci.cle in such a way that its centre moves a distance ( ) 0 ' along a 
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common diameter. 

PN==AB-(X)'=SC-KC -(♦(>' 

= _ Vr.,2 - v-' - (R, -Rjj) 

Pnttiiig R| = R & R 2 = R — 8R, we get 


f.. = PN = 8R 


R- VR^-rr'-' ^ ^,2 R-VR2_.,.‘i 


(rO 


or if sin ^ , l.r~ (sec^^— i) ... ( i) 

The above relations have 1)eeii obtained Iw assninin^e that the deposit at the 
centre of the catliode is nil. If it were not so, the terms could 1)e corrected by the 
addition of a constant to /,, equal to the tliickiiess of the film at tlie centre of llie 
cathode. Tliis is however not necessary in the t)resent case as l)y visual inspec- 
tion it was found that the thickness of the film at tlu- centre of the cathode 
was negli.qibly small. 

A few remarks about the field existing in the Haddiim's tube and the trajec- 
tory of the particles shot out from the anti-cathode will be made here. 

In Hadding’s tube the anode and the metallic cylindrical wall of the tnbc‘ 
arc at the same x)oteiitial, while tlie cathode is maintained at a high negative 
potential with respect to the anode. Usually the anode is situated at the centre 
of curvature of the cathode. In such a state of affairs the field at a point inside 
the tube will be the resultant of two fields : — 

(1) along the radius of curvature of the cathode passing through the point, 

( 2 ) along the radius of the cylindrical tube passing through that point, 'khis 

field goes on increasing as the })oint approaches the cathode. 

The resultant field at a point can l>e revSolved in two mutually peri)cndicular 
directions, along the axis and the radius of the cylindrical tube. These two com- 
ponents of the field will vary in inagnitndc from point to poijit and a particle 
ill its path gains acceleration in these two directions whose magnitude varies 
from point to [joint. 

J^et us now assume that the particles are shot out from the anode in all 
possible directions with an initial speed whicli is the same for all the particles. 
This is quite reasonable and follows from any theory of sputtering discussed in the 
end of this article. The trajectory of the particle shot out in a direction making 
an angle a to the axis of the tube may now be considered. 

It is clear that because of the complex nature of the field in the tube, the 
trajectory of the particle will not be a simple one. For the sake of simplicity, 
let us first of all postpone considering the elilect of the axial field. Due to the 
radial component the particles will experience an acceleration along the radius of 
the cylindrical tube and directed towards the axis of the tube. This acceleration 
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is varyin^^ from point to point in magnitude but we can conveniently replace 
this acceleration by a constant acceleration which, thougli it does not produce the 
exact trajectory of the particle as before, lands a particle on the cathode at the 
same point as the varying acceleration. Under these conditions the trajectory is 
similar to that of a projectile in the earth’s field of gravitation. Thus we have, 




•r tan o „ 

cos"® a 


= R tan fAl I — 


wlicre 


R 

a 


... ( 5 ) 


.r — the distance of the point where tlie particle lands from the centre of the 
cathode. 

R — the distance between the cathode and the anode, 
u and a — initial velocity and direction of projection, and j 

a — the range of the particle \ 


From (5), 


_ sin .ja 

dx ^ _R 
(in cos‘^‘i 


R“ tana 


cos^ 


... ( 6 ) 


... ( 7 ) 


The second term increases at a more rapid rate than the fiivSt term and 

hence — goes on decreasing with increase of Now assuming the number of 
dn 

particles shot out in all directions to be the same, this ineansthal: near the centre of 
the cathode there will be a small number of ])artieles per unit area and this number 
goes on increasing from the centre to the periphery of the cathode. The thick- 
ness of the film will therefore increase from the centre outwards and hence a 
change SR will be introduced in the previous radius of curvature of the cathode. 
If the number shot out in different directions be not the same,’*^ the value of SR 
Avill be simply modified depending on the function of distribution. 

I'hc effect of the axial field which we have postponed so far, may now be 
considered. It is clear that the effect of this field will be to increase the axial 
velocity of the particle and this results merely in decreasing tlie radius of curva- 
ture of the trajectory. The change SR in the radius of curvature of tlie cathode 
is thci'efore smaller than that in the absence of the field. 

vSo far, we have considered the pai't ides which have all equal charges. In fact 
there must be singly, doubly (^r inultiplely charged particles in the tube. 'Hie 
effect of this will be taken up) under ^the discussion of results.* 


* In the case of fatliodc-sputtering it has been shown b}' Seeliger and Sonimermeyer ^ 
that the iiuinbcr of particles shot out in different directions follows the Knudsen's cosine law 
of distribution. 
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K X i» L A N A T I O N S O 1^' T H B 'I* A B Iv K S . 

The first five coliunns have been taken from the papers referred to. The 
sixtli column contains 8R as calculated from relation (2). The seventh column 
contains sec calculated from relations (3) and (.4). /.^ is then obtained by 

jiiultiplying and sec Figure 2 shows the variation of witli.v and figure 

3 shows the variation of / with sec 


a; for Pt film. 

M J‘25 3*50 175 2-00 2 35 cms. 



FiGURli 2. 
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(Scc 6 /— i) for l*t lllfll. 



’oo:? *032 *032 

(Ser — t) for Cii liliii. 
Fkutrk 3. 


It is seen that the whole region of tlie cathode is divided into three different 
portions in the case of the copper film and two in the case of tlie platinum film. 
I'roni figure 3 it is seen that the variation of w ith sec 0 — i is linear in every 
portion of the curve. In those portions w'here &R is con.stant it is this constant 
N'alue which is the constant of i>roportionality, as sliould naturally follow from 
relation (4). Where is not constant but is a function of and n, the variation 
of /, with sec^* — 1 is still a linear one and the con.stant of proportionality is 

— where is an integer calculated and explained in oth and loth colmnns 

31 

of the tables. In geueial for every portion of the curve we can write the constant 

nf 

of proportionality /\=SJ? — where n may be either same as n or dilTereut 

/1-1 

from it. From equation (2) we get. 


K = 


A 


x^/v' 




( 8 ) 
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wliere n' may be the same as v or difTerent from it. Now as - - is a constant 

n' 

for any portion of the curve, we can write 


K 


... ( 9 ) 


where 



... (to) 


tuul is the same foi any ])orlion of the curve but diflers from ]>ortion to portion. 

1 he cross mark in the Toth column (tabic 3) indicates that the integers arc 
^ 1 1 \ f(U f 1 oni the latios wliich aie shown in llic brackets. Ilencc in calculating 
tlie wilues ill the last coluiuii the actual ratios in tlie brackets and not the integers 
have been taken to represent n' in these cases. 


T) T vS C TT S vS T O N OV m E R S U T, T S . 

lyCt us first of all investigate the reasons for the variation of SR ovc the 
surface of the cathode. 

It has been suggested ^ that the inconstancy in the value of and hence 

n 

of 8 r may be due to abnormal values of when the film is thin. According 
to this suggestion the results show that ik should be different for the different 
]>ortions of the curve, but same for same portion and that the variation of C 
from portion to portion is really the variation of /x for the different portions. 
This sugge.stion though qualitatively plausible, fails when quantitative tests 
are applied. Pogany"* has shown that when the thickness of a Tt filin falls 
below it shows abnormal refractive index. Above this value the refrac- 

tive index isnonnal. Kxamining the values of for Pt film it will be seen 
that the thickness of the film is many times this value even in the place where 
the first ring is situated. Thus W'c see that the suggestion is not tenable here. 

We suggest that the change in K from one portion to another is due to the 
presence of niultiplely charged particles in the tube. If there were only singly 
charged particles in the tul)e they would be distributed on the surface of the 
cathode in such a way as to produce a constant 8R, as explained in the begin- 
ning of the paper. But if on any portion of llic cathode the deposit consists 
of two kinds of particles, 7. e., singly and doubly charged ones, SR is a resultant 
effect due to the distribution of the two kinds of particles and differs from 
place to place. The resultant C however is the algebraic sum of the C's for 
the two types of particles. 
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where . denotes the constant C for the region vvlierc the deposit 

consists of botli singly and doubly charged particles and M represents the metal 
whose film is depOvSited on the cathode. 

According to the above suggestion the portion AB of the curve for the 
Pt film refers to the deposit of only singly charged particles and BC to tlie 
deposit of both singly and doubly charged particles. vSimilarly in the case of 
the copper film the portion PQ refers to tlic deposit of only singly charged 
particles while QR refers to the dei)osit of both singly and doubly charged 

])articles. It is clear that the doubly chai'ged particles being repelled by the 

walls of the lube will be confined to sxxice near about tljc centre of the cathode, 
and will not spread on the whole of the cathode. The ])oinls B and Q refer 
to the i)osition where a doubly charged particle shot out in the most exti erne 
direction is brought to land on the cathode. 

Bet us Jiow comx^are the distances of B and Q from the centre of the- 

cathode. Before doing so we must investigate how the distance .v of a point, 

where a particle shot out in a direction o lands on the cathode, varies with 
the distance R between the anode and the cathode. This is necessary because 
this distance R is not the same in both the cases- 

Prom relation (5), we liave, 

: = K tan ( I ) or ~ ( i — — ' \ 

\ a / dR V a ' 

and is negative if R > “ * 

As the exact shape of the Irajeclory is very complex it is difficult to say, 
how X will vary until R. In the case of ])ara]x)lic trajectory we can Nvrite for 
small changes of R, 


.vex 


K 


(12) 


I'his axiproximate relation is verified if we com] >are the distances of x^oints 
B and Q from the centre of the cathode. 


Thus 


Vo 


I '94 

174 


= 1 115 


ami , 7 -!^ = 


R< 

Rn 


_ 7'6 • c 

-6 -S 


We have said that in the case of the copper film the x>orlion PQ refers to 
the deiiosit of singly charged x^articles alone whereas tlie portion QR refers to 
the dex30sit of both singly and doubly charged particles. It might be argued 
against this statement that 8R is not constant over PQ whereas it is constant 

i 
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over QK and licnce QR should refer to a region where there is deposit of 
only one sort r)f particle whereas PQ to the deposit of more than one kind 
of particle. Agaiu.st this argnincnl we have to point out that SR in the 
sixth column has been calculated from ii, the interference order which was 
selected arbitrarily to show as many rings as possible obeying the Newton's 
fomula. There is however iif) other justification for this selection. If instead 
of tliesc values, we ascnlx* the interference order 7 to the last ring, 6 to the 

last but one, and so on^ * \A’il] be constant only for the last two rings and will 

n 

differ for all the other rings and then ^R will be constant over the region PQ 
but will vary over QR. The facts that these numbers are smaller than those 
selected previously and that the selection of these numbers makes the case of 
copper film similar to that of the Pt film and hence capable of being ex])laiiied 
by the same theory, suggests that these numbers arc i)robably the true', inter- 
ference orders. \ 

According to this, tlie changes introduced in the table will ht the 
following : — 

(1) In the fourth, fifth, and the vsixth columns changes will have to be made 
according to the new values of the interference order. 

(.i) The values of U will be decreased in the same proportion as the 
change in the value of the interference order. 

Tlic values of v ajid other columns in the table will remain the same and 
hence the values of C will not change. ^ i 

We have not u]) till now considered the portion RS of the curve for the copper 
tdm* It will be* noted that this portion of the curve shows many anomalous 
characteristics. 

We notice in the very beginning that the constant C for this portion of 
the curve is smaller than that for QR. Hence v\e cannot ascribe this to be 
duu to any fresh deposit (ff sonic differently charged particles over and above 
those of the singly and the doubly charged ones. We also notice that the ratio 
of a - and ~] for the rings in this region is far removed from any integer. 

Moreover if e ascribe smaller integers for the interference order (7 for the last 
ling, 6 for the last but one, and so on) as suggested a little previously, we find 
that the third ring gets the order i and it is difficult to ascribe any order to the 
1st 01 2nd ring on the same system. Thus it seems that these rings in the 
region RS do not Iielong to the same system as the other rings and this suggests 
that in this region not only the upper surface has got a varying ladius of curva- 
ture but also the original surface of the cathode has somehow come to possess a 
different or irregular radius of curvature. 

Another fact about this region which has not been mentioned in any of the 
papers referred to, but Imd been observed by the author while he worked with the 
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copper auti-calhoclc may l)e slated here. It was ob-served that the centred portion 
of the cathode, an area of about one cm. radius presented a spluttered appearance. 
Of course, there was some deposit of a thin film over and above* tlie spluttered 
Ijortion. 

We suggest that the anomalous nalui eof Hie curve RvS is due to the spluttering 
of the cathode in this region, due to the impingement of positive rays on it. It 
is hnown that the positive rays consisting of cliaiged jiarticles of light atoms are 
more ellective in eausing spluttering than particles of heavy atoms, so much so 
that the particles of mercury do jiot cause any spluttering at all/’ As the 
positive rays consisting of light atoms are conruied to a small portion near the 
axis of tlie tube, spluttering is observed only on a small portion near the centre 
of the cathode. 

Again, the particles forming the positive rays are iiifiuenced by the electric 
field in the tube, in the same way as the other particles sputtered out from the 
anode. Hence they are less numerous on tlie axis than on the periphery of the 
region. This will cause a greater spluttering of the cathode on the peritherial 

I^oition of the region than on the portion near the centre of the cathode, and 

lienee due to mere >si:)lurtering an increase in the radius of curvalure will take 
place. Over and aliove this is the decrease in the i adius of curvature due to 

deposit of tiarticles and lieuce we observe that the constant K for this ] portion 

of the curve is smaller than that for the tiortioii QK. 

So far, a sativSfactory explanation of the pheiuanenon has l)ecii given, Next 
the factors on which the constant C depends will be analysed. 

From the nature of the problem the factors on which the constant C depends 
are the following ; — 

(1) N— the number of particles emitted ill unit time by tlie anode per unit 
area of an imaginary sphere of unit radius drawn about the anode. (Dimen- 
sions — . T^^ .) 

(2) - of the jiarticles. (Dimensions — M T“ 

}}} 

} _ I 

(3) h"— the electrical field iu the tube. (Dimensions — INF*-', b 

(4) / — the time for which the tube is run. {Dimensions — T .) 

(5) J,— the lattice constant of the metal of which the film is formed. 
(Dimensions — L.) 

(6) R — the distance between the anode and the cathode. (Dimension.s L.) 

(7) w— -the initial velocity of projection of the particles from the anode. 
(Dimensions — b. T”b) 
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The constant C has tlie dimensions L' ^ as is clear from relation (lo), hence 
it can be relateil to the various factors by the theory of dimensions and we ;^et 
ultimately, 


C = /. N. ^F. /. d. K. I (t.) 

m 

where / is the function of distribution of the particles and has no dimensions. 

If vve adjust the conditions of the experiment in such a way that only one 
factor is varial)le while the others are kept constant, and the value of C be found 
out under those conditions, the above relation enables us to study the variation 
of N with the factor under considei'ation. In this way we can investigate all 
lliL lactors one 1 )y one and thus obtain information about I he phenomenon ot 

anodc-spittlerin{4. ; 

1 

111 the case of the copper and the jilatinum lihns that we have cohsidered 
lieie, h' is the same in both the casCvS, for the voltage on the tube w’as thc\ same ; 
/ llie lime for which the tube was run was also the same in botli the cas^, /.( . 
()o hours. Assuming that / is the same for all kinds of iiarticles and // als^ to be 
of the same order in both the cases, we can write, 

C r // ^ fW/ /M d ( // h ( // 

C /; / N / /// t n d p / I\ ^ 

()] — - - — * - ... . . 
iN /i / k /; / m /W d u K r K 


Taui.K .|. 


JIlLcLll A 

A’ ; 

^ ‘ v.v- 

il 

HI 

R 









7-6 X 7-6 1 


! 

1 

<■>.^57 

7 't) 

1.^4 


■<"'^55 

6'8 X 6*S 

i 

'r ‘'3 

4” 

! 

ly.S'jo 

rvs 


N.r/„ 'Qjobg o\s X h'S 0^57 o'S 

N>/ 7‘6x 7'6' '00^55 ' lys'a ’ 3‘63’ 7't5 
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This show s that the iiuLn1.)ei of particles sputleied out of co[)pcr or jdatinuiu 
anode is veiy nearly the same. It is remarkable tliat the same result is obtained 
in the case of the (:athode-sputterui.e also where copper and platinum are con- 
tiguous ill the list of metals arranged according to their simttering value and 
both have ver>^ nearly the same sputtering value. 

It is clear that much reliance cannot be placed on the result obtained just 
above^ for there are several factors invidved at the same time in tlie experiment 
and also the value of C, was obtained from insuflicient data ; but the above 
deduction indicates the method by which the phenomenon of anode-sputtering 
may be profitably investigated. 

A short remark on the possible source of the anode-sputtering may be made 
here. The analogous phenomenon of cathode-spntteriiig has evoked a lot of 
theories from a very long time. 'I'he current ones are— 

(1) The vaporisation theory proijoscd by Hippel ^ and Waiiiii ^ and sui)- 
ported by the experimental work of Cowsik. 

[ 2 ) The mechanical theory first proposed by vStark ^ which has led on one 
liaud to the explosion theory of Hush and v^mitli ' ‘ and on tlic other hand to tlie 
purely mechanical theory of lugeisoll and N)rdah]J‘'’‘ 

It apjieais that the vaporisation theory w’hicli lias received (jiuiiititative 
comirmatiun in the case of calhodc-sputtcriiig aud is quite ])lausil)Ie there, cannot 
be liowever applied in Hie ease (fi anode-sputtering ; for it will necessitate the 
assumption of a certain point on the auode to be heated to a very liigh tempera- 
ture due to the impacts of the electrons, whereas we find that the anode is 
sufficiently cool even after a very long discharge at high voltage. 

'riie purely meehanical theory of lugersoll and Sordalil according to which 
tlie si>uttcred particles are t)arlicles knocked out of the solid due to the l^ack 
impact of the iinpiiiging pailiclc, is also untenable here ; for it is highly im])rob- 
able foi an electron to knock out a particle in its recoil journey, there being 
very little energy in tlie electron for this purpose. 

The explosion tlieory of Husli and vSmith might liowever be applied in tliis 
case. iVccording to this theory the electrons might be considered to produce a 
high pressure in the interior of the solid anode resuiting in an explosion of the 
particles from the anode in all directions. 

Another theory might be put forth that the particles are formed during the 
process of production or emission of X-rays from the anti-cathode. It is however 
no use going into mere speculations when there are no data to test the theories. 

The calculations in this paper were done while Hie author was a research 
scholar at Ravenshaw College, Cuttack. 

In the end I wish to thank Prof. K. Prosad, LK.S., and Dr. M. M. Sengupta 
for their kind interest in this work. 

Physics bAuoKATORv, 

SciKNaj COI^UGK, Paxna. 
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ON A PROPOSED FORM OF THE PRINCIPLE OF 
EQUIVALENCE AND THE DEDUCTION OF 
LORENTZ TRANSFORMATION.* 

Bv N, R, SEN. 

{RcrdiY i foi (publication, A iiansl ////, 


ABSTRACT. Il\ pu.slnlatiiifi ii I’niu'ipU' <>f lvi|uivaleiu'i’ for i iil\ '-jiaii' and luiu- ima-siin- 
ini’iil'-, il is pnssibk' tci show that (coiifedini* Knt'lidean j^i‘oiiic-tr\ and llu- h’tieai it\' of .sjiaci-- 
tinic tiaiislonnation) Die iiu'asiin'meiits o( lime am] linear dimensions snflei neiproeal defonna- 
tions, wlieii Die oljser\ers are m iiniloini relative inol ion. .An alteinpt lias lieeii made lo 
deduee Die I/)rcnt/ transformation hy pnrelv deductive lea.soniiiK wiDioul assinninn Die I'irsl 
i’ostulale ol the eonstiiiU N ol the velocity of lij^ht. Tt is shown that this can he doin' either h\ 
an extended rrineiple of Ikinivaleiiee .supplemented hy a rrineiide of Conlimn'ty, or In assnm- 
in,e tliat .1 veloeitv which is i'mite with rej>ard to one .sy.stem is also finite with reeard to the 
other It then appears that there is a unique maximnm velocity which is to he idcnlil'ied with 
tin \elocit\ of light hy the Michaelson Aloil-y experiment. 


F . 


Tlic s]Facc-tiiiie transformation from one inuM tial system to auotlicr in nniforin 
motion with respect to the (irsl, known as JvOrentz transformation is based on two 
liostulates. Firstly, there is the postulate of the constancy of the velocity of light 
in all inertial systems, lo which is added Kinstein’s Relativity postulate which 
here will be described as the Principle of Iwpiividence. In the usual deduction of 
the transformation its linear character is assumed and the Principle of F(|ui- 
valence is limited to the assumption of equal measures by two moving observers 
oi two identical rigid rods at rest, one in each of the two systems of the observers, 
the measurement in each case being taken by the olrservcr in one system of the 
rod in the other. In recent times the linearity of the transformation has been 
rigorously established by several investigators from dilTerenl sets of fundamental 
assumptions, llow the linearity is related lo the above two postulates has not 
lirobably been thoronglily investigated. However, these asstnn])tions give the 
well- kn own eipia ti on s 


V I - 1' ■ / 1 - 


* Coiiimiim'cated by the Indian Physical Societv . 
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The transfonnalion brings out one important consequence of the postulates, 
namely, the so-called physical Principle of Finiteness as applied to velocity, 
according to which noidiysical velocity may acquire infinite value. In particular, 
velocities measured in inertial systems will have an upper limit. The representa- 
tives of this principle in (i) is the expression The usual method of 

deduction of (i) clearly shows that none of the tw’o jiostulates a/owe is 
responsible for the construction of the above radical exjiression. The present 
note does not claim to have established any new rCvSult, but aims at au analysis of 
the transformation to assess the total contrilmtions of the different hypotheses 
from uhich it is derived, and also to nole how the construction of the radical may 
lie ajiproached from (liffercnt lioints of view. The question of tlie necessity of 
the linearity of the transformation on these hypotheses has not been discussed 
here ; the linearity for the present has been accepted ns a suggestion from 
lihysical ideas or as a mathematical simplicity. 'The Principle of Kqu(ivalence 
w ill be taken as the central idea, the relation of which to the transformation will 
be closely examined, by the ITiiiciide of I^quivaleiice wc shall mean hWe the 
restricted i)rincii)le of Ihc equivalence in ilw usual sense oj only space and lime 
uieasmements w unifoniily nunjny inertial sysloiis. An attcmi>t has been made 
to formulate an extended Principle of Iwjuivaleiicc which together with the Prin- 
('i])le of Continuity will directly lead to the lyoreiit/ transfoniiatioii. This unitary 
principle will then implicitly involve the IVinciple of Finilencss. Further, it is 
sliown tluit if the extended Principle of i{quivalence be discarded, but to the 
(restricted) Principle be added any one of the two following assumptions that (i) a 
velocity which is linite with respect to K' shall also be finite with respect to K, or 
(.') the result of addition of two positive veloi'ilies shall be a ])Osith^e velocity, the 
Torent/ transformation form is uniquely determined. The latter considcratiini is 
in many points similar to the treatment of Frank and Rothe,^ but our object here 
will I)e the step by step construction of the transfonnalion from physical principles 
by only elementary mathematics, rather than the general investigation of a trans- 
formation forming a finite contimious group. 


As usual we assume the transformation to he linear on some such ground as 
that it is suggested by physical intuition, or that it is the simplest way of avoiding 


■ Urf)niinence has been given to lliis idea in Horn's new r'ield theory. (Prot‘. Roy Soc., 
A, 144, ]). 4 ii 5 .) Ill analogy with the veloeily in the Relativity Iheory the (deetroinagnetie I'icld 
theory is so modified as to jjrovide for au upper limit for tlic field vector. 

1 Ann. d. Physik., 34 (rpiigp. 825 . 
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any of the sj^slcms, say the (o, (») l)ecoiniii£A a privilc\ee(l one, and to ])v 
given in two dimensions l)y 

:\:' = ‘ja: + /^/, /' = Av‘i-/A/ ... ( 2 ) 

where tlie constants ft, A and /a are functions of v only. Much is already 
involved in tins assumption of linearity. For instance, it at once leads to the 
very important conclusion that the formula for the addition theorem of velocities 
involves only the velocities, and not the time and space co-ordinates of tlie 
moving point."" Since (2) gives immediately 

+ /- 

= F(dr/d/, v). 

+ /^ 

Another conseijnence of the linearity which we shall use hereafter may also 
he noted here. Firstly, if we put dv/t/Z—o, then dx^ftlft is a function of v only ; 
and similarly, if rZ.\:'/th' = o, da/dZ is a function of v only. Thus if the trans- 
formation he linear, the relative motion is uniform. If, for instance, we have 
tliree systems R'', K', K such that the transformation K — is linear, and 
K' — is linear, then is also linear. Hence if K' and K are in unifonn 

relative motion for w liich the transformation is a linear eciuation like (::»), and 
and K' are in uniform relative motion, then and K are also in uniform relative 
motion. 

* It is worth while to notice that lincaritv is not only n snfficloii hut also a ncccssarv 
condition for satisfying the following postulate : if a point {x\ /') in K' has velocil 3 ’ v' — dx' / dt\ 
and if K has uniform vclocih^ 'C relative to K', then tlic velocity of the point relative to K 
(Itqxmls only on v and v' and is independent of the co-ordinates a', t' in K'. i^'or instance, Ie< 

:v' — c/)(a-, Z, c), Z, v) , ... (/■) 

Avhence A-v'^f/»x A:v + 4*. AZ, 


/a-' 

dZ' 


A 


dx 

dl 

dA 

dl 


TTcnc(' 


dx' 

dr 




dx 

dt 


+ < 1 * , 




dx 

df 




(//) 


\W^ can write this c(|uati()n in tlic ftnin 

— ”■ h'o) 

where y, v' are written for dxjdi and dx* jdi* respectively. V and y are the velocities of a 
jvirticle in K and K' system, and if their relation be indepeiideiit of the co-ordinates of the 

4 
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We shall now apply the Principle of Tiquivalencc by which, as w?e have said 
before, wc shall mean equivalence with regard to length and time measureiiicnts 
in K and K'. For instance, wc assume two similar unit scales ai rest one in each 
of the systems K and K' at the origins. The length of the unit scale placed at 
rest at ( ) in K, when measured by an observer at rest in K^, will ai^pear to be 
the same as the length of the unit scale at rest at (_)' in K', when measured by 
the observer at rest in K. We have to calculate the scheme 

if y= ” |, (wdiat are the corresponding values of .t) | at f = 

The two value.s of .r obtained from (2) are o and (i/a), so that the length measured 
by the observer at rest in K is A(v) — i/a. Again for unit scale at rest at 
< ) in K w-e have to find 

at /'==o. 

These values are x' = o, and (a — / 3 X//A), so that the 
observer at rest in K' is — The Principle of the 

A{v) = = cx- . (3) 

a fA 

Similarly, wx* assume two similar clocks at rest at O and O' in the systems K and 
K' rcsiK'Ctively. The measurements of the unit time interval of eaeh clock in its 
own system by observer at rest in the other system imist be identical. Wc have 
to find, firstly 

if at x' — o ? 



length measuredAby the 
K(iiiivaleiicc demands 



particle, then [Hi) will be true for all values of rr and t for, say, a definite pair of values of r 
and y'. Ilcucc we must have 


+ / t) t) 


(iv) 


wliere Xi, X2, ^4 independent of x and t. The two sets of partial diffeiential ecjuations in 

(fiO determine /, ff» and uniquely. I'or instance, from the second set we have 



^4 


9 / 

dr 


which gives 


f - 1' (A3A: + 


M 


'fhis on .substitution in the following equation derived from the first set 



dt 



(vl) 


gives 


(AjAi-x-Aa) F' (A3r + A4/)-o. 
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Equation (2) gives the values f.=o, and i/(/u.— / 3 A,/a), so that this interval 
of time as measured by the observer at rest in K, will be T/(ju — Situilarly, 
placing the cloch at rest at ( ) in K, the time interval for the observer at rest in K' 
will be given by the scheme 



'['he corresponding time interval is simply 'I'he I’rinciplc of E(iuivalcncc 
demands 

A'ii’) = M 

_ / 3 A ^ _i_ 
a A'(v) 

From (3) and follows, writing A for A(v) and A' for A^(r) 

(AA')^ = 3 

so that 

AA' = ± 1- 

Ikit from (3) and (^) it is evident that A and A' arc really Icngtli and time 
deformations in the nsual sense. On physical ground vve can then neglect 
the negative sign so that 

AA' - I. (5) 


Ihom (vi) we have two conelu.siuus ; cither 

(rt) h'(X3:r + A4()--() 


In the first ease {a) 
lienee, iiuni (iv) 

\\ In nee 



l '(^jA + A.^/) 

T (t X + t 2) A| 0 . “ I ’*■ t. 2) A3 

, — fCj -f C2) Ag <P , — (Cl + C2) A4 

ip — a(AiA + A2f ) + §1 
(jfTzz a (A^.t + A^I ) + §2. 


(e/7) 


{viii) 


whieli is i\ linear li niisfonnation in which M(‘ nia>' pnt — o if the origins etjineide at / -^o. 

In the seeoiid ease (h) 

— Aj h (A^it + A^f) + C^A^ ^ ^3 1' (^3^ "t" ^4/ ) + ^sC I 

r ” ^2 (^3^ ” ^'1 • 

'J'Jicse two sets give, reiiibering Ai=^i0A3, A 2 =^A 4 , 

A'' = X + A4/) + Cl (A3A: + A4O + 81 ^ X ( Ag.V + A4/ ) 4 Sj 

sr j9[)^(A3A.' 4 A 4 i) 4 Ci(A 3 A.' 4 A 4 / ] 4 5'=^ /3X(\^X 4 A 4 /) 4 57 
hut this transfromatioii is not a legitimate one as the determinant 0 (x\ V I d (-r, t) vanishes. 

7 his proof was originally written by me in a slightly different manner, and has been 
given this form at the suggestion of Prof. S, N, Bose to whom my thanks are due for his very 
helpful criticism of this paper. 
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1 Ills bilious that //zf invdsc character of the time and Icnj^ih dejormatioiis 
is pi 4 n‘ly a consequence of the Principle of Equivalence and is eniircly in/- 
ionnccled Tvilh ihc jiisi postulate of the constancy oj the velocity of light 
in inertial sysicvisP' 

Wl* have Jiol us yci cxpliciily made use of the condition that has uniform 
\'elncity v with respect to K. The constants and X can he calculated in terms 
of A if we introduce the assumption that a-'=^o when x-vt, lliis gives 

V - -Pfn, v/A 

md from (4) 


t-A- 

A- 


t^A2 

vA 


IJence the transformation {^) lias the form 


(y) 


where A = A('Z’) is a function of v alone, and can be inter] /reted as the deforma- 
tion factor for lengtli. "i luis the Ihinci] »le of Ivjuivalcnce (tLd>:en in coninnetion 
v\ith the assnjnj)tion ol linearity and the a]^]dicabilily of Kuclidean geometry) ini- 
l»lies a ti ansfori nation of the foi m (2^), 7 his I uinslon}niii()}L falls into lit tec classes 

aecordnig as A is equal to, less Ilian, 01 giealei lluin i. llic Principle of liqui- 
ealoii e is unable to say cinything lurlhci ‘udlh legaid lo any of these relations 
icgaiding A, A — 1, that is conservation of length gives the Ckililean transforma- 
tion. A< 1, giving contra('tiou of length corresponds to the Lorentz transforma- 
tion, and A > 1 corresponds to extension of length, and gives a transformation 

A])plMiig l|i(_* iirst ])o.stulalc‘ lo hotli eoiivergiiig and diverging waves and using the 
usult that for = we get the Iraiisformatiou 

a' -- a (a- — I'/), /' — —ti{vx/c^‘~t),a^a(x'). 

It can ])L- easily verified that this alone does not give the inverse eharaclcr of the time and 
lenglh deJormatioiis. 

T<quali()ns (3) and (j) fni])]y — 1. fjence the linear Iransfoiniatious consistent reith 
the Viincihle of hnivaleuce are unitary. 
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which as wc shall sec later, is to be excluded from physical cimsidcratioiis. 
Solving the above equations algebraically for and t wc have 


v = +^i' 

^ A 


/=iZA_\/+ Li>. 

vA A 




d. 


The usual way of coming to equations (i) from this stage is to assume the 
lirst postulate. Firstly, (e') implies 


dx 

^ jr 

■ i-A^ dx ' 

jr + I 


If in acTorclancc willi the lirsl ix)fttulatv, wc put iirlilL^dy \\-C‘ 
from (6') ijiimcdialcly 


Ihit the lirsl postulate can be clothed in the laui’uagc of the Principle of 
Equivalence which in its new f(jnn can be regarded as a unitary princij)]c from 
which Lorentz Iraiisfoniiatictii follows. Hitherto wc have assumed the equivalence 
of two inertial systems for length and time measureiiicnls only, when similar 

* Wc have luil as.sniiiLd an \ where that if /v" fs moving w itli unifonn xa loeitN v relaLivt' 
to /7, Ihen K is moving with iinifui in velocity relative to /v'. 'I'hi.s is not involved in I he 
assumption of linearit>', Imt foll07i>s irom ^nir Principle of Ivtjnivalenee. h'oi- instance, if in 
(.q we put a' = o, we get the veloeitA of Uie K' system relative to tv as Again, if in 

both equalioiis of ( 2 ) \\v pul a-o, w^e gel Uic velocity of A' relative to 77" as )3, 71 . Simple 
linearity does not iinph any relaltoii between the latter and the foniu r. but the Prim iidc' of 
lujuivalenee implies |e(iuation ( 5 )], so that the latter velocity is really — i*. 

Since, the unprimed system is moving witli velocity - v relative to the primed system, 
Uie comparison of eciuatious and U") show’s that 

A(v)"= Ai-v). 

lienee, the Piiiieiple of Ivquivalenec implies that tJie deformation factor A does not 
ilepend on the Uireefion of the veloeit> but only on its magnitude. 
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scales and clocks are o/ re in these systems. Let us further assume that there 
exists a vclocH} V in K such that when measured by the observer at rest in K', 
the measurement will exactly be the same as that by the observer at rest in K 
measurinj’ the .same vciocity V in K'. This docs not immediately assume that in 
both systems the velocity is identical, as in the first postulate, but observers in 
the t\\ I) systems get identical result while each attempts to measure this velocity 
in the other system. The simple calculation given below shows that this identical 
result is V' itself. That this part of the Principle of Equivalence is consistent 
with the previous part is not self-evident, but will follow' from the considerations 
given below. 

Equation (6') we write in the form 


I — A ^ dx dx' , ( dx' dx \ , _ 

'Pile content of the extended Principle is 
if 

then when -=V'. 

dt' di 

P'quations (6"J then give 


(rV'j 


\ 


V'-V = u /.c., V = V' 


( 7 ) 


and 



(o) 


luluation leads immeiliatcly to 


A®= 1 — v'/V®. 

We thus get witli the help of the Ivxtended Principle to the form of Lorentz 
transformation. But there .still remains to be .shown That V is unique. If 
possible, let there be a series of values of V such as Vj, V2, V3, etc. 
(V| < V2<V3...). This is not in contradiction with the Principle of Equivalence 
w'e have assumed. But this will make the transformation indefinite unle.s.s we 
assume that V = Vi for o^'i;<Vi, V = V2 for Vi<v<V2, etc. This again 
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would introduce discontinuities in the tvausforination at V = Vi , V «, etc. The Prin- 
ciple of Continuity for all physical phenomena conies to our relief, which would 
admit only one value of V. 'I'hus the uniqueness of V dei>cnds on the further 
applications of the Principles of Deliniteness and Continuity. The identification 
of this unique velocity with the velocity of light in then a matter of physical 
experience (JNIichaelson IMorley lvxi)erinient). 


We have seen that the Piiiiciple of Uquivaleuce can be so extended as to in- 
clude, when supplemented by the Principle of Continuity the essential content of 
the first postulate, and the extended Principle leads to the Principle of h'inileness 
for physical velocity and the formal Torentz transformation. 'I'o disemss further 
the implication of the Principle of Kquivaleuce, we let fall the extension proposal 
in the previous section, and adopt other hypotheses. Accordingly, let us imagine 
a third system K" moving parallel to K' and having a uniform velocity v' relative 
to Kb The co-ordinates in this system are ;r" and t" which must be connected 
with i' thus 


A' A' A' , 

i-A'2 

v'A' "A' A' 




(u) 


where A' is the same function of v' as A is of r. Combining (g') ane (g) we 
have 


v"=| i + — (t — A^) 
( " 


l>’ = \ I +Ij (j-A'2) 




1 + Ai-A^) 

V 

AA^ 


-A“ 


i-A'2 




t- 


1 + (l- A'2) 


AA' 


... (lo) 
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as space-time relations in K and K". Since this transformation (a;, t") is 

linear, we conclude that K" has uniform motion with respect to K. Then (lo) 
must he of Ihe same form as (2O or (9). We shall then have firstly. 


V v' 

AA' ~ ' A A' 

and secondly on comparing the coefficients of a and .1 

AA' “12 

] (a -A®) J 

V 



I + 


(i-A'‘^) 


1' -h v' 


1 + ^-' (i-A^*) 

1- 


(ii) 



Equal ion (it) gives 


I- A^ 
1 , 2 '' 


1 — A'® 


Since A is a function of v and A' a function of v only, each of these fractions 
must lie a constant <s where the sign of <i is indeterminate/ Hence 

A = '1^1 , A'= ■''^i — 'i-a'® . ... (13) 

It can be easily verified that these values of A and A' identically satisfy (12). 
But the resulting transformation 

\'=~- -1” /' = /— 

^1— 

has not yet the form of Eorentz transformation as the sign of a is iudetenninate. 
'I'o settle this point some further assuinjition is necessary. We have seen in § 2 that 
the Principle of I niui valence interprets A as the deformation factor of length, 
that is the length measured by the observer at rest in K of a unit scale at rest in' 
K'. Hut the idea of Equivalence of length and time measurements alone cannot 
identify this deformatioh with contraction, that is cannot prove that A<1. We 
shall now show that A >1 leads to a conclusion which can be barred out from 



Equivalence and the Deduction o/ Lorentz Transformation 351 


physical intuition. It is evident from (2O that A is a pure number, being of no 
dimension. Hence cx must be of the dimension (velocity)"®. We put 

oc= j;: i , where c isa velocity, A thus has the form 


A = v'l ... ... (13') 

We are thus led to equation (13') with the ambiguity of sign. I,et us 
examine the two cases separately. Firstly, take a with negativ(‘ sign which 
corresponds to the positive sign in (3 3') and A > T . A comparison of (10) with 
(2') shows that the addition law of velocities is given thus. If iV has uniform 
velocity v relative to /v, and has uniforni velocity v' lelative to then the 
velocity V of relative to K is 


V = 


V + 

vv^ 



(14) 


Tlierc are Iwo important conclusions from this, (i) Wliatever the velocity of K' 
relative to K, f c., v, may be, there is a finite velocity in K\ namely, c/'^/v which 
will appear to be infinite velocity to the observer at rest in K, that is, the addition 
of two finite velocities will give an infinite velocity. (2) Whatever the (positive) 
velocity of K' relative to K, i.c,, r, may be, all positive velocities in K' greater 
than c will appear to be negative to an observer at rest in K, that is, by the 
addition of two positive velocities a negative velocity will result. 

If we assume (i) that every velocity finite with respect to K' must also be 
finite with respect to K, that is reject any conclusion at variance with the Principle 
of Finiteness, or (2) that the addition of two positive velocities (in the sense 
explained above) is to yield a positive velocity, the negative value of cx is to be 
rejected. The positive value of cx, however, is consistent with the Principle of 
h^'initeuess and is known to lead to the form of korentz transformation. The 
unique maximum velocity in any inertial system is to be identified with the 
velocity of light by the Michaelson Morley Experiment. 


5 
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ON THE DENSITY OF SATURATED VAPOURS 

By M. F. SOONAWALA, M.Sc. 

{Received for l^uhUcaUov, lat iSlay, ig^O.) 

ABBTBACT. — The surface of a liquid is Irealcd ns apc^tciilial barrier, and the probability 
of transition across it of a molecule is obtained on the v\avc*iiiechauical theory. On compa- 
rison with the known behaviour of the density of saturated vapours at different temperatures, 
it is shown that a molecule in a liquid possesses potential cnerg\^ in addition to the usual 
kinetic energy. This potential energy per molecule is calculated for some liquids. 

Thu behaviour of the density of a saturated vapour at different temperatures 
is well known. If we take the ratio of the density of a saturated vapour at a 
particular teuiperalure to the density of the liquid in equilibrium at the same 
temperature, this ratio rises almost exponentially with temperature.^ Wc seek in 
what follows to derive a physical picture of this relation by considering the 
surface of the liquid to offer a j)Oteutial barrier to tlie passage of molecules from 
liquid to vapour. The work done in taking a molecule from the liquid into the 
vapour is given on Laplace’s theory of capillarity by aniL, where m is the mass 
of the particle and L is the latent heal of vaporisation at the tenq^erature of 
transition. We may represent the potentials in the liquid, the potential barrier, 
and the vapour by a curve as in figure i. 




_ j'l 

SURi ACh LAYLH 


Un 

UQuin 


VAPOLia 


Figure i. 

If a molecule approaches the barrier with an energy 7t'>Ui,the probability 
of its transition to the other side of the barrier is given on the wave-mechanical 
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theory - hy 

qf] 


ib OC„ OCo 


(«n + «2)2 COS-^ a, a + («,2 + a„ Wg) sin^a, « 


(0 


where 


= (W-D„), 01,2= S-V 

and (W-U,); 

in wl.id, is U,e nmss of the partiele, I, is Planck's constant, mid « is the tl.ick- 

ness of the potential banier. 

If « assume a Maxivellian distribution of velocities in the molenflcs <d a 

ti + Ju tvliV”” °tT '*d ” ““'“>ile bavins a velocity between tbc liinils ii and 

n t d, , wbere „ is the direction perpcndicnlar to Ibe surface, arid anv vLe for 
the vcliXiitics alone the other two co-ordinates ,■ and is given by ' ^ 


dP^ 




IT 


du 


+ oc. 


+ ex 


, kvt V - 


■ dv I c 


j 




du\ ... (Hi) 


uhe.e k ^ , K being l],e gas constant and 'J' the absolute teiniieraturc. As 

c 

0 

km 


I 


di’ 


We can find a limiting velocity in the ,/ direction such that 


du 


... (iv) 


... (v) 


Umsurface »«« offars a probability of the crossine of 

Uie surface ; which is given by 




4_^g ^2 


K + «g)^ coshV:^! a+ U - sinh«/?,a 


... (vi) 


where «i=/ 


/ 
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Hence, the total probability of a molecule crossing the boundary is given by 

I 


"■W li 


tjl. c du + 


1 


iJq. I' du 


= /i +j2, say. 


... (vii) 


For a molecule in the liqiiid, if forces of attraction or repulsion exist in it, on 
taking the average, Ll^ will be equal to zero in the liijuid state. Similarly, we 
can put Uo = o in tl;e vapour state. Therefore, ue shall now have, 




4^" fH 2-_ -C I It) ill*' 

- -'’T' ■ 


ami = ■'‘-"'i!' (J 


Hence, 

= 


l 6 Wq 


(«o + «2)'‘* c'os“ «i («j 2 + a„ a2) sin" «! a 

CXi 


, __ 4 . 

7 y ' 

pu^ cos^ «, a+ 1+ ■ sin" cx, a 

I u^ — b\ 


(viii) 


iix) 


^\ here 



ix) 


The first part, which is also, evidently, the principal jaut of h', is given by 


/i = 



(Zl 


0 


du 



4 P 


OO 

1 


\ pu^ cos 


2 V p 

2 


1^3 jiw. 


a+^iH"— — f. sin^ p{u^--b).a 
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= 4 P 


[ 


du 


V Hu*- b) + I + 


w® — b 
. . U?) 


As pu*>-i, this becomes 


J\ =^4P 


"" I h 

' ^ I ” Y" „~Aj- 




cos® “ v'/> (m“ - b) + I + , 

b / 2 — b 


On putting 




U U'//) 


this further becomes 


/, -4/^ ( — ; c 


— mb 


CX) 

$ 


c-k»ix2 


px*»Jx + b cos®i;.vH- ^^a4+^+ -% ■" 

v -1" h) 


iis p 



Here 


.jc? = 


a 


^ V . 


It is sought to calculate the value of f^. Kor this purpose it is necessaiy 
to evaluate the integral ; but, it \^•us not i^ossible to calculate it directly due 
to its complex nature. On trying to find it graphically, we find that on 
plotting 


3 '= 

2 

px* x^ + b cos*gx + (.T® + b) + — — rr 

V (ac + b) 

against ;f, y rises steeply to a number of maxima, and falls between these to 
value very nearly equal to zero. In y, we put such a reasonable value of g, as 
is suggested by the theory of capillarity for the thickness of the potential 
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barrier. We assume it to be io‘^ cm., when g=§\/p = y 86 . to”’ for water. 
The graph of y against x is about as shown (Fig. 2). 



Figurk 2. 

Onh’' 8 peaks are shown for the sake of dearness. The real number 
is nuich greater as shown in table T. Tlie figure is not drawn to scale. 

At eacli maximum the curve rises and then falls so abruptly, that it is 
not possible to find the area of the figure either by a planimeter or otherwise. 
Due to the large value of p in the denominator, the curve drops to zero value 
between the maxima. At any single maximum, the curve rises from zero 
and falls back to the same value, while x changes by a very small amount. 
Hence, x remains virtually constant during the rise of y to a maximum and its 

drop back to zero. The inaxiirium is attained when gx={2n + j) ^ , For a small 

2 

change in (gx) of the amount A (gjc) from any one of the above values 

cos‘‘*{g,T+ A(ga:)}=cos^{{2n + i) -+ A(ga:)}=sm® A(g.'r)={A(g 3 c)}*. (xiv) 

2 

within such a .small range —A (gx) to + A (g:r), y rises from zero and returns 
to it, X remaining virtually constant. Therefore, the form of the curve near 
a maximum is 


; 


(a:v) 


where 


A = c xi 


{xvi) 


Here Xm is the value of x proper at the maximum under consideration. 



358 


M. F. Soonawala 


Similarly, 


C^=^/(xl+b) + 


*/x^ + b) 


ixvii) 


2 

and a:®, ~ (xviii) 

Also. A (gx) = g, dx\ 

and A.r now becomes the enrrenf co-ordinate. Hence, the area of the curve 
near a maxiiniini is 

xm + A 

A. dx 

Aai — Atv 

As 3 ”o beyond A’„i- A a: as well as A„,+ A.r, Ihe integration could as well be 



taken l)etwcen the limits — to + 
evaluate the integral, 

ao 

1= y ydx 

O 


when its value will be equal to 



To 


for a given leinpcratnre, the proper constants for this temperaure were taken, 
and the value of a assumed to be lo*"^ cm. The value of v \\here y reaches 
maxima are known, A number of these, about 25, are taken at about equal 


intervals of x, and at each the area 


jtA 

BC 


of ihe curve was calculated as indicated 


above. 'I'his made it possible to construct another curve, this time between 
the ordinal number of the maxima and the area of the curve at each. It was 
of the form shown (fig. 3). 
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From this the area was read for each maxitnwn, and the sum found for 
alUUc maxima. There were about i .^o such tnaxima in a tyvicaUnn ve. 'Phus, 
tl\ • total area was found and the integral evaluated, 'thus, ue see, VwU We 
method of integration employed is partly numerical and partly 'graWdcal. 

Such calculations were carried orrt for water at five different teinpcratures ; 
■d' C , 7o"C., loo' C., i8o°C., and .t65®C., the last being the critical temperature. 
P'or T ou" C . , the integral 


'lO 

^2 


was also calculnted. As expected, it came out io be aii iiisi.5;^iiiricant fraction 
of the corrcsxKUiding integral for W > : aiid> hence, its calculation for 

other teinperatiues was omillcd. The values of at various temperatures 
for water are set out in the table below . The second column shoWvS tlie values 
of T, and the third column the number of maxima at wdiicli the areas were 
found. 


'J' A r. iv 7{ 1 - 


'IVtiip 

1 

Nf), ot maxima. 

! 

1' 


3489 

rj'* ! 

2 ‘75 X JO " 7 

yo'C. 

428:^ 

140 

S'n X io"f' 

u.o‘’C. 

4915 

T40 

2 ’15 X TO '3 

i8o"C. 

6S6u 

160 

3 00 

365 “C. 

1 

QJ764 

2 no 

9'5 xjo® 


For water at loo^C. 


« 





du~ T X TO 


7 


If we assume another value for the width a the potential barrier, 
increase it a certain number of times, the number of maxima is found to 
increase in the same ratio, while the area at a maximum diniinislies as 
many times. Thus the value of I remains the same as before. Thus, 

6 
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the penetrability L' shows a remarkable constancy for all values of a. It 
would be vain to expect to obtain an idea of the thickness a by this method, 
which remains peculiarly insensitive to Changes in the thickness of the surface 


layer. P'or subsequent calculations, such a value of a is taken as makes ® - — 

2 lOOO, 

which introduces a certain simplification in the calculations ; while, at the same 
lime, retaining for a, a value of the right order. 

Tip to about ioo°C., the value of the penetrability F is a small fraction. 
For such values, F can be identified with the ratio of the density of the satura- 
ted vapour to that of the liiiuid with w’hich it is in equilibrium. For, F 
represents the probability of a molecule passing the potential barrier ; w'hich, in 
the long run, would also repre,scut the fraction of the total number of molecules 


to be found in the vapour state. 


If we ])lot 1 -^ , , where d is the den,sity of 


the saturated vapour in equilibrium with the liquid of density d| , aghimst the 
temperature, we can carry out a coiiqiarisoii with a similar graph plotted with 1' 
against the temperature. The two curves cross at about 8o'’C. The value of 
1 ' increases at a much more rapid rate than I). Near 8o°C., the slope of ^le log 
b' — / curve is about '062, while that of the log D — t curve is about -022. The 
equations of the two curves in the neighbourhood of 8o°C. con.sidcred as straight 
lines, arc 


In F + 8-if) = ()-i4 (.r — 8n) ; 


(.vjx) 

and D + 8- to = 0-05 {x — 80) ; 

where In denotes the Naperiau logarithm to the base r. 

* . . . 

' ( va ) 


This shows that before an agreement is reached with the observed facts, 
the slope 0'i4 should be diminished by a material amount. The diminution may 
be effected by either multiplying by a fractional factor or by diminution by a certain 
amount. For reasons given below, the latter alternative is preferred. 

At the critical temperature the distinction between the liciuid and vapour 
states vanishes, and the surface of the liquid cea.ses to exist. According to the 
liicturc outlined above, the potential barrier also then vanishes, and there is 
certainty or unit iirobability, of a molecule {lassing into the vapour state. On 
the other hand, as seen above, the unit probability is reached much earlier ; before 
even i8o°C. If we multiply b in the exponential cO>«r;> hy any number, it would 
not have the effect of diminishing the penetrability at the critical temperature ; 
as, then, the latent heat, and therefore, b, reduces to zero. It is necessary, then, 
to increase b virtually by an amount /?, stiy, to make the penetrability equal to 
unity at the critical temperature. For this ixirpose, we have to put 
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Ape 





Or 



{xxi) 


wlien the value of 1 proper at tlie temperature uiuler consideiatioii is to he taken, 
P'or a value of f^—j-2 x lo* the calculated v'alue of 1 = 9764, and a close enough 
Jit is obtained with the a 1 >ove formula. We further notice that I is a smooth 
function of log Icni, as seen from fig, 4. 'Phis is so Irecairse the value of I is 
mainly governed by the exponential factor c while the \’aluc of h has little 

influence on it. ( )n using a graph plotted l)etwccn log Icni and 1, we get a better 
approximation for /i. 



Figure 4- 


We now proceed to obtain values of for a number of representative li(jujds 
for which the relcvcnt constants arc known, h'or example, foi etliyl acetate, we 
obtain the value of km at the critical temperature, and from the log km — T graph 
obtained previously for water, we find that I is nearly 400. With this value of I, 
iS is calculated to the first approximation. With tins value of I is calculated 
out fully again. The value of I thus found is 601, which fits in closely on the 
log fern— I curve. 'ITiis curve is, therefore, used for calculating I for the other 
liquids as well. These values are included in the table II . 
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TAKIJi 11. 
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An in.si)cction ot tile w.'iy in wiiicli llic correction Icriii uiilcrcxl into the 
calcuhition.s shows that it diil so as a vii Inal incicasc of If. .Seciny' that 
h is luily accounted for by the latent heat, and takiu” the transfonnatiou 

— ... (xii) 

into a consideration, we see that thi.s wonltl l)ecoine modified by the entry of I'j 
ink) 

■ /. = A-" ... (.vx;7) 

shows the loini of /f to lie 

/■j= * - . 0 (;n, T) ... ixxiii) 

nt 

The exponential c of the equations {Hi) & {.xfli) require to be changed to 


1 his leads ns to the couclu.sion that tile law- of distribution is not of the simple 
form used in (iii); but that it is replaced by 



c 




{xxv) 
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Evidently, - = </> R T, comes in as the itotenlial energy of a molecnlc of the 
ik 

liquid, due, in all probability to the forces of interaction between molecules. 
The molecules possess, in addition to their kinetic energy, jiutential energy 

represented by - - = K i?* T, which is directly proportional to the temperature, 

, Closer implications of such potential energy are being further studied. 


1 tKI’AK'J'MKM' or PmsiLh. 
ISIahahaja's Coi,i,1',c.)„ 
JaII'UK (RAJI’UTANA). 


R K !'■ E R E N C E S , 

' Cl. (i. VV. e'. Ka>e R' '1'. (1. LiiLn, I’liy.sical iS: t:iie-i)iii.al Coiistanl.s, pp. \ .) ' Ii/r \\aU'r 
vapoHi’. .Al.so, ('( 11 . ( i.v), iiil'ra. 
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NEW TERMS IN THE ARC SPECTRUM OF TELLURIUM 

By S. G. KRISHNAMURTY, M.A., D.Sc., 

Andhra University, Waltair. 

{Rrcrived for piihlicalioii, Aufiinf nih, ro.s^.) 

ABSTRACT -The arc sjx'ctruni of Ulhirimn has hccii itivcsligntcd from \ j6:.o to \ 
using an art' hcluccn Acluson graphite poles ctjiit.aiiiing p()W(lcre(] lellnrimn metal A (jnart/ 
Littrow spectrograph and a vacuum grating six'ctvograpli were employed for the purpose. I'he 
results obtained led to a confirmation of IMcbennan'.s st henie, and also to the discovery of eight 
new odd IcN els in addition t(» those due to Hk- and fis' configuration. 


I N R 0 D U C T I 0 N . 

Til tlie course of the work on the spark spectrum of tellurium, it has been 
observed by the author, that jiiaiiy lines lyius in the extreme ultra-violet 
(particularly in the vacuum giating region) belong to the neutral atom of 
tellurium. A consideration of the arc spectrum was therefore undertaken with 
a view mainly to identify and separate the arc lines from those due to the spark. 
'J'hc process led to the discovery of several new terms characteristic of Te I, and 
the present paper is devoted to a description of these. 

Pi ior to the work of the author (a preliminary report of which appeared in 
“Current Science") ' the only publications on the analysis of Te I were those 
by McLennan and co-workers “ and by Ruedy.® Since then Bartelt^ has 
published a report on the analy.sis of the .same spectrum. However llartelt did 
not make any experimental observations of the spectrum him.sclf, but based his 
analysis on Ruedy’s list of lines, made certain alterations in Ruedy’s classifica- 
tion and extended it .slightly. The various schemes will be discussed in later 
sections. 


EXP R R I M K N T A L . 

In addition to the experiments described in the autlior’s paper on Te III, 
this investigation consisted mainly in a study of the arc between tellurium-tipped 
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graphite poles under different conditions, the arc in vacuo or in nitrogen 
after the niaimer used by vStlwyu, Fowler, and Rao,® for the spectra of Si I, 
('iC I, A.s I, etc. With the ai'c in nitrogen, a small double-walled chamber, about 
one inch in thickness i.s attached to the slit end of the vacuum spectrograph 
between the slit and the arc. 'I'he chamber is cooled by continuous circulation 
of water through the annulus, and a blast of nitrogen is maintained centrally, 
.so that it may occ'Ujiy the region between the .slit and the arc. Such an arrange- 
ment is very favourable, as I'ow ler observed, for the production of the arc lines. 


7^ R It 1 ) T (' r It r ) T It R M S . 


rile neutral atom of tellurium contains 5 ’ electrons in its extranuclegr system 
.md tlie last four give rise to the spectrum of Te I, all other electrons fJ[ccui)ying 
completed shells. 'I'lic expected terms are shown iu Table T. 
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etc. 


A N A L Y S 1 S . 

'I'able 11 gives a complete scheme of the niultiplets in Tc I, comprising all 
tliat is at i)rcscnt knowm regarding the analysis of the lines due to the arc 
spectrum of 'I'ellnriiiin, with the exception of the lines photographed and analy.scd 
by Rueily, m the infra-red region, b'oi this latter grouji, reference must bo made 
to the original pa tier of Ruedy.^ 
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Neu) Terms in the Arc Spectrum of Tellurium 
MuIvTiplets in Te I. Table T1. 


5 S 

—45 

67961 

^Pi 

475 i 

67916 

72667 

1/), i.s-„ 

1 62108 49468 

65 6^2=- 28414 


39S02M (6) 

44255-2 (12) 

33691*9 (lo) 

^ 2601 4 

41946-9 (15) 

41902-6 (17) 

4665/^-2 (20) 

36095-0 (6) 

$d 3 Di=> 17982 

49976 ('i) 

49934 (S) 

54678 (4) 

44125-7 (10) 31486*0 (4) 

J 779 fj 


50130 (7) 

54873 do) 

44321-5 (10) 

^ D -\— 16978 
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6s Vl;,- 13835 



58824 (6) 

4S273 (8) 

^01=13923 

(ts) 

53993 (15) 

58744 (■:) 

48183*3 (6,r 

1407I 


53845 (8) 

58593 (8) 

48036*8 (15) 

'Dj-- 15551 


52363 (3) 

57110 (6) 

46557-8 (9) 

3 P „-8346 

Pi = 8370 

1 + 

59 .S 9 - (15' 

+ 

59546 (12) 

4 * 

64297 (2) 

53751 ( 12 ) 4iiio-7(3) 

^Pj = S248 


59667 (8) 


53845 (8) 

>Pi— 8172 




53943 (6) 41308 (3) 

New levels iv Tel (cxchisivcly due to the iv 

ritcr). 


Multipi<et Table II — conid. 


sP 


3 Pj 



67961 

67916 

72667 

62108 

a -49374 

58593 (8) 

58542 (10) 

63290 (6) 


h — T8907 


49008-7 (10) 

53751 (12) 


r:- 19570 

48390 (0) 

48347 2 (1) 



d = 20804 


47112-4 (1) 


41308-0 (3) 

r = 20529 

47431 '5 (8) 

47388 (r) 



f — 22^02 

45359'3 ('o) 

45216-1 (0) 



.IJ - 23663 

1 

44252-5 (12) 

40008*7 (10) 


/I -24392 

1 

1 

! 

433237 (0) 

48270*1 (to) 



'riiese lines are entirely due to the author’s work. 
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The groups arising from the electron transitions sp ^P—6s, ^S, were due 

solely to McLennan and his collaborators. Of the remaining odd levels, sd ^D, 
6s ^D, ^P, ’/? and 'P have been identified first by the writer and it is gratifying 
to note that Bartelt, later, has independently come to identical conclusions regard- 
ing these terms. It may be noted here that the term 6s ‘^P (which, as also the 
6.S stands in excellent agreement with the corresponding levels in Se I) has 
lK‘en arrived at by the author from measuiements made in the ultra-violet, while 
Bartelt obtained the term from the infra-red lines in Buedy’s list. 

However, in s])ite of this agreement, there ai'c certain assignments in the 
analysis published by Bartelt which the writer considers to be perhaps incorrect. 
For instance Bartelt suggested the following identification of sP ^P-sd ''D. 


SP 

.S(t *>Di = 16821 
16854 
*'7^3'= 16992 

The wave-numbers entered here are from the writer’s ow n measurements. 
The divergence between the intervals 733 and 772, is certainly beyond the 
errors of nieasnrcmenl. Further, Bartelt has made the following changes in 
Ruedy’s designations of the terms. 



1 



Designation. 

Term. 






Riiecly. 

Bartelt. 

1 

36992 

6 P 3 P, 1 


16854 

*^2 


1682 T 

*P<) 1 

i 

BPl 

6972 

6(7 .ID,. 2, j 

61 '/h. 2, ■ • f, 

4453 ; 

7 <t i 

7 ' 

3090 

8(7 1 

8/ „ 


-1 





51140 (4) 


SPl 

51081 (6) 
41071 (5) 


772 

73.1 


5.S8.5V (2) 
.SSfiol (5) 
55676 \(I2) 


'I'hese changes involve a transference of a set of odd terms (nd) into even terms 
(nf) and a certain other even terms {6p), into odd i^d) ones. The support for this 
modification appears to be the classification of a few additional lines in the infra- 
red region and jihotographed by Ruedy. The writer, however, believes that the 
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justification for tlic cliange is meagre, in view of the fact that there are large 
deviations in the agreement of frequency differences involved in the new groups 
proposed by Bartclt. Hence it is decided to retain the original scheme due 
to Ruedy. 

In table III, a coniplele list of all the terms that have been identified by the 
various investigators on the arc spectrum of telhirimii is presented. It gives also 
the assignments suggested. 'Phe terms are listed in the order of their magnitude. 
The table also contains many terras which are entirely new, being identified by 
the writer from his own observations. But these are denoted by arbitrary symbols, 
a, b, c, etc., following the reeoimnendations of the Russel committee on si)Cctro- 
scopic notation . It will also be seen that their ‘7 ” values cannot be fixed with 
absolute certainty, but the terms arc believed to be real. 


Table III. Terms in Te I. 


1 

Designation. 


Designation. 

Tcnii. j 

- 

-- 

'I'crin. 


— 

1 

Ruotly and 

A iitlior. 

naitelt. 


Kuody and Aulliur. 

Oarlclt, 

1 

7^667 1 

l 

Same 

(972 

(yd 3Di,2»3- 

6;»Pi...6 

679 ^m:) I 


it 

6734 

8,s- 

Same 

67916 j 


it 


yd ^>2 

tt 

62108 j 

bij 

a 

4LS3 


7/ 

28414 j 

6.S S.S-, 

n 


ys 

Same 

26014 ! 


« 1 

35-2 

8rf s/i 

33 

18505 

f>p sp, 

It 




18466 

5 /’, 

i • 

29g7 

Jt».S ^S2 

Same 



ti 


y(< ^l>t 

it 

i6gg2 

■ipi 

1 

5</ •ip-j 


1 ■■'ni.2,1 

1 

g/ 

16854 

1 

j ^Th 

22. »5 

' 11 .s ^.S'j 

Same 

16821 


<’l)i 

ig( >n 

lud ^Ih 

ji 

9110 

7P 

Same 

17.37 

3^1,2.:) 

10; 

8997 

! »Pj 

M 

148.3 

U(i -'Di 

Same 

8746 

SPj 

It 

1370 


III spj. s 

8745 

3p 

#J 




868s 

3 p 

3 } 




8578 


it 
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Table of Terms — contd. 



Designation. 


Designation. 

Term, 



Term . 








Author. 

Tin r tel t. 


Author. 

Bartel t. 

lycjS:’ 

Sd ^Jh 

Same 

7 ot)o 


6f< 6D3 

i 77 t/) 

■IDs 


68,37 


‘Dj 

16^78 

3/, 3 


68og 


3D, 


+ 

6p 

5276 



^599^ 

■f 


4891 


1 


+ 


4410 


yrh 

'^ 55 SJ 

6 s 

vSnnic 

4^)0 


V" 

1.1071 

3 / 7 s 


.S.366 


HZ' 

13923 

3d, 


4762 


3 P« 

13 « 3 ,S 


> t 

4741 ; 

1 

1 

■T, 

llSsSo 


7.'; 3 .S'l 

1 

937-1 




3P, 

Same 

1 

i 8 tx ''7 

i i- 


.S3/16 

^Pi> 

- 

^ 9 .S 7 o 

1 

> 

82 8 


- 

.30804 

d 


817:^ 


j » 


c 


76,16 

1 

1 


:’270J 

i 


/•1'17 


g;,. 


i ^ 



1 

1 



! 1 ' 

i 

I 


r'inally in table IV are listed, the lines assigned to Tc I by the writer in the 
present work. The intensities are from the work of the writer exclusively. The 
classification, if any, is given against each line. 

In conclusion, the author feels glad to acknow'leSge his indebtedness to Dr. 
K. R. Rao, D.Sc. (London^, for his suggestion of this problem, and for his very 
valuable guidance throughout the progress of this work. 


f The reality of these levels is suspected. 
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Table IV. List of Lines in Te I. 


^ (int). 

y (vac). 

Clasiiiiicatiun. 

8469-8 (7) 

11803-4 

CI-7P 6Ps 

8291 I (10) 

12059*2 

d- s/>s 

8251-5 (10) 

12115*6 

d- »Pi 

3175-11 (4) 

31486-0 

S/>>.S«-sci ^I->i 

2967-21 (10) 

33691-9 


2769-67 (4) 

36194-7 


2431-71: (3) 

4 H 10-7 

’.Vo- 6 .s •■'Pi 

2420-10 (3) 

41308-0 

*»,- d 

jj 


15 b - 6* i/’i 

2299-00 (0) 

43483--'' 


2298*12 (1) 

43500*4 


2296*89 (0) 

43523-7 

-V’l- b 

2265-55 (10) 

44125-7 

V)i 

2204-75 (1) 

44141-3 


2259*08 (12) 

44252-5 

g 

(10) 

44321-5 i 

1/92 ~ 5 d 

22i6*6i (5) 

45 (J 99 -S 


2211*30 (0) 

45208-1 


2210*91 (0) 

i 

45216-1 

3/’i- f 

22oS-8o (10) 

45259-3 

’Pu- f 

2207*17 (7) 

45292-9 


2191*33 0) 

45495-6 

i 

2196*07 (2) 

45521-5 


319.1*56 (0) 

, 45552-9 


2191*86 (j) 

45609-0 


2187*22 (i) 

45705-8 


2186-52 (2) 

45720-4 


2178-13 (3) 

45896-5 


2170*11 (0) 

46066*1 


2i66*88 (8) 

46134-7 
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Tabi^e of Terms — contd. 


A (int). 

V (vac*. 

Classification. 

— - 

— 

— 

’I-1719 (91 

46557 ‘8 


2 r; 17-09 ( 9 > 

46569-8 


2 142 '67 (20) 

466559 


2121 '91 (t) 

47112-4 

^I\- (1 

2109*56 (1) 

47388-1 

3Fi- 

2io7-()8 (1) 

47423'7 


2 107 ’63 (8) 

47431-5 

3Po- e 

2107 ‘20 (8) 

47441 '2 


2102*87 (l) 

47524-5 


2096*73 (4) 

47678-1 


2090*75 (0) 

47814-4 


2oS</99 (0) 

47831 ‘S 


2087-15 (i) 

478969 


2081*07 (15) 

48036-8 

’/72-6i 

2077*62 (0) 

4SI16-6 


2074 '74 (6) 

4S183-3 


2072*13 (0) 

48244-0 


2071*01 (io) 

4827(^-1 

'Ih- "Ds 

** 

it 

Ij 

2070-9 (S) 

48273 'o 

i/.i;i-6.s 

2068*33 (1) 

4 8332 -5 


2067*71 (i) 

4 S 547’2 

c 

2005*86 (0) 

4 >^ 390 ’.S 

■’n- 

2061 ‘03 (2) 

485039 


2039' 79 (it>) 

49008-7 

•'iPl- 1. 


it 

3p.^_ g 

2024*20 (2) 

49386-2 


2002*72 (8) 

49934 0 

3Pi— 5d 3£)j^ 

( 

2001*59 (20) 

499940 

2000*2 (6) 

499790 

®Po-5d. 3£>j 
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X (int). 


V (vac). 

Classification . 

1994 '85 (7) 


50130 0 

Vi- 

1960*28 (3) 


50996*5 


i909'7o (3) 


5 2 363 0 

aPj-fis iPa 

i 86 o */14 


53751 

l/)2- 3 p, 

jj 


» r 

'Da - 1) 

iS 57 ’ 3 u (8) 


53 8-1 .S 

5 P'’^l“ 6 ‘; 



y > 

' 7 > 2 - SPa 

1853-81 (15) 


.SSQ^lS 

'Da- 3 Pi 

T‘851‘5 (r.s) 


.S 39<53 

'Da- iPi 

1850-0 (t5) 


54'*37 

3 P„- 2Di 

1828-71 i/\) 


.S 4^>78 

'Pa-sd 

1822 ’-^1 (10) 


,S 4''^73 

3 />,- 32 

1796-10 (12) 


55 '^ 7 '' 

3 P„- 37)3 

i 750 ' 9 o (6) 


S7ii(> 

■'P.i-Cis 'Dj 

1712 8 (2) 


5 ^^ 3«4 


lyoS'o (lo) 


58542 

3 P,- a 

17 o 6’78 (8) 


58593 

3 P 2 - 6 S 329 ^ 

» j 


1 1 

3 p,- a 

1 703 '26 (2) 


58744 

3 Pa-()s 3 Di 

i 6 g 9'93 (6) 


5882^ 

sPa- 

i<’ 79‘37 (^ 2 ) 


59 S 4 '> 

»Pi- »Pi 

i678'o7 (i.s) 


59592 

='Po- 

T^ 75 ’ 9 ''^ (8) 


59667 

3 Pj- 32>2 

j,S 55 ’ 2 S (3) 


64297 

■'Pa- 3 P, 
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ON THE “WING” ACCOMPANYING THE RAYLEIGH LINE 
IN LIQUID MIXTURES, PART 11. 

By S. C. SIRKAR 

AND 

BIRENDRA KRISHNA MOOKERJEE 

{Received for piiblicatiou, Ationsf sth, 

abstract. — llie distribnlioii of iiilciisil3 in tliL* ncToiiipunyinp. the T\avlt.‘igh line 
due lo rarlKui disulpljide, ( hlorofonn, chlorobenzene, acetone, xylene and dilute solutions of 
these subsinnees in iwihy] alcohol has been expe.rinientalh investigated by the method of 
photographic photometry of spectral lines. 'I'he distribution of intensity tibserved in tlie (mso 
of each of the solutions has beeji compared ^^'ilh tliat due to the ('orresponding pure 
liquid. Tt is found that except in the case of chlorobenzeiu-, the relative intensitv of tlu* wing 
with respect lo that of any particular vibrational Ratnan line increases ^appreciably in all other 
eases ov\ dissolving the pure liquid in metb>l ah'oliol, and in the case of chlorobenzene, it 
rcinn ins practically unchanged. In the case of none of these liquids, however, is there any 
marked diminution in the intensitv of :iiiy portion of the wing witli the dissolution of the liquid 
in methyl alcohol. This fact and the other results have been discussed in the light of the 
theories put forward previous!}' b}' various authors in luder to explain the origin of the 
wing. 


rNTRODUCTTO N. 

The (listribulion of iuteusity in tlie wing accompanying the Rayleigh 
line in the spectra of light scattered by some pure liquids woe studied by 
various observers and different theories were ])Ut forward in order to explain 
the discrepancy which was observed between the cxperinjental results and 
those expected from the theory of rotational Raman effect. Recently, (iross 
and Vuks^ attribxited the origin of the wing to vibrational Raman effect. 
According to those authors the wing is produced mainly by lattice oscilla- 
tions in the quasi-crystallinc groups which persist in liquids. Tu order to 
examine how far this hypothesis can explain facts, one of the present authors® 
experimentally investigated the changes which the distribution of intensity 
in the wing due to benzene undergo on dissolving the liquid in methyl 
alcohol and also in cyclohexane. The wing due to each of these solvents 
is so much weaker than that due to pure benzene that by suitably adjust- 
ing the time of exposure, spectrograms of light scattered by the solutions can 

a 
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te obtained on whicb the wing recorded is tHat due to benzene alone. THe results 
of the above investigation clearly indicate that in the case of benzene, the 
origin of the w'ing cannot be attributed to the pei'sistence of lattice oscilla- 
tions in the liquid as postulated by Gross and Vuks. Since it is not possible 
to draw any general conclusion from the results of investigation of a single 
substance, it was thought worth while to extend the investigation to a few 
jnore organic liquids having simple molecules and producing the wing of 
moderate intensities. Methyl alcohol, being one of the substances which scatters 
light rather feebly and inoduces a feeble wing, has lieen found to be a 
better solvent for the purpo.se of the present investigation than cyclohexane, 
and therefore choosing methyl alcohol as the solvent, the distribution of inten- 
sity in the wing due to solutions of carbon disulphide, chloroform, chloro- 
benzene, acetone and xylene as well as that due to the pure liquids have been 
experimentally investigated. In the present paper an account of this investiga- 
tion has been given and also the results obtained have been discussed in the 
light of existing theories. \ 


RXPICRIMKNTAL . 

The liquids stixdied in the present investigation were all obtained from 
sealed bottles and were distilled in vacuum before being used for the investi- 
gation. The purity of the liquids used can be judged from the fact that 
Merck’s “ acetone free ” methyl alcohol, Kahlbaum’s chloroform for analysis, 
Merck’s i)ure acetone, pure chlorolxenzene, pure carbon disulphide and xylene 
were used. The strengths of the solutions used were such that the ratio of 
the number of molecules of the solvent to that of the solute in tlie unit 
volume of the solution was about 5:1 in the solution of chloroform, 6 : i in 
that of carbondisulphide, S : 1 in that of chlorobenzene, 7 : i in that of acetone 
and 10 : I in tliat of xylene. None of the solutions showed any trace of 
critical opalescence at the room temperature which varied from about 3o°C. to 
32 "C. during each exposure. 

The experimental arrangement for recording the Raman spectra was almost 
the same as that used by one of the present authors in the previous investigation 
mentioned above. The Raman spectrum of each t)f the pure liquids was first 
recorded with suitable time of ex])osure which was ascertained by trial, and then 
that of the solution was recorded with a longer exposure so that the density of 
any particular Raman line of the solution was nearly the same in the two spectro- 
grams, one due to the pure liquid and the other due to the solution. The Raman 
spectrum of pure methyl alcohol was photographed with sufficiently long exposure 
in order to determine the contribution of the solvent to the intensity of the wing 
observed in the spectrogram due to each of the solutions. In each case, a very 
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dilute solution of quinine .sulphate in water was used just to cut off the 3650A 
group of Hg lines from the incident light from Hg arc. A freshly prepared solu- 
tion was used for each exposure. 'I'hc width of the slit of the spectrograph was 
20JU throughout the investigation . Intensity marks w ere obtained by varying the 
width of the slit of the spectrograi >li and using a standardised tungsten ribbon 
lamp supv>lied by Phillips I,amp Works, Ivindhoven, as source of continuous 
radiation. All the exposed photographic plates were developed under identical 
conditions. Microphotonietric records for the spectrograms were obtained with the 
help of a Moll’s raicrophotomctei'. 

I'he blackening-log. intensity curves for the wave-lengtlis 4047A and 4077S. 
were drawn by calculating the densities of the intensity marks for these wave- 
lengths and the relative i)hotographic intensities of these two wave-lengths in the 
continuous radiation w'erc determined by the u.sual method of ijarallcl shift of the 
curves. The actual relative intensities at these wave-lengths were calculated with 
the help of Wien’s law, the temperature of the lamp being known from the cali- 
bration chart supplied by the manufacturers- h'roni these two sets of values, the 
ratio of the photographic .sensitivity for one of the wave-lengths to that for the 
other was obtained. It w'as assumed in the above calculations that the dispersion 
of the spectrograph was almost constant over the short region between the two 
wave-lengths. It was found that for the Ilford (.lolden Iso/.enith plates which 
were used in the present investigation, the photographic sensitivity for the wave- 
length 4077X is about 1-2 times that for 4046^. and the change from one wave- 
length to the other is continuous. 

The relative intensities in the wing at different di.stances from the Rayleigh 
line were calculated with the help of the blackening -log. intensity curve for the 
wave-length 404 7X taking into consideration the difference between the sensiti- 
vity at each wave-length and that at 4047X. The effect of continuous back- 
ground was also taken into consideration . For this purpose, the total density at 
each point and also that due to the continuous background just beyond the 
farthest edge of the wing were calculated. 'I'he corresponding intensities were 
found out and by subtracting the smaller one from the larger, the intensity of the 
wing at the point was obtained. In this way the distribution of intensity in the 
wing on the Stokes side of the line 4047A was obtained in each case. 'I'liat on 
the anti-stokes side could not be investigated owing to the j)resence of an intense 
coma on that side. Finally, the ratio of the intensity of any particular Raman 
line excited by the Hg line 4047 X in the spectrogram due to the pure liquid 
to that of the same Raman line in the spectrogram due to the solution was deter- 
mined in each case with the help of the blackening-log. intensity curve for the 
corresponding wave-length and the factor which would reduce the ratio to unity, 
was thus determined. The intensities of the wing due to the pure liquid was then 
multiplied by this factor. 
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R E S U Iv T S . 

The distribution of intensity in the Rayleigh line with its wing on the Stokes 
side observed in the case of methyl alcohol is shown graphically in figure i and 
that for the other pure liquids and for those in solutions are shown in figures 2 
to 6. (.)n examining the spectrograms it w^as found that the intensity of the Raman 
line 1034 cm."^ of methyl alcohol excited by the line 4047-8. in the spectrogram due 
to pure methyl alcohol was much greater than that in the spectrograms due to 
the solutions, and in fact this intensity in the latter case was less than half of that 
in the former case. ITie actual contribution of methyl alcohol to the intensity 
of the Rayleigh line observed in the case of the solution can be only roughly 
estimated from the additivity law'. But it can be .seen that in any case this con- 
tribution is not appreciable beyond about 25 cm“^ from the centre of the Rayleigh 
line in the spectrograms due to the solutions. On examining the intensity of any 
l^amaii line excited by the Hg line 4046^ with respect to that of tlje Rayleigh 
line /jJoSX in the spectrograms due to each pure liquid and its soluyon, it was 



Figure i. 
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observed that there was no abnormal increase in the relative intensity of the 
Rayleigh line in the case of the solution. It is evident from this that there was 
not even any feeble critical opalescence in the case of any of the solutions. 
On examining the curves for the pure liquids and tho.se for the solutions, the 
following facts are observed in the case of the diflerent liquids studied. 



O 10 20 30 40 50 60 70 80 go 100 no I2U 
Av in cm * (on the sStokes side). 


FiGUKE 2. 
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O 10 :!0 30 40 50 Oo 70 80 00 100 Ho 
A«' ill cm"‘ (on the Stokes side). 


Figure 3. 

Carbon disulphide . — As can be seen from figure in the case of pure carbon 
disulphide there is an inflection in the curve and this inflection is straightened out 
a little in the case of the solution. Also the intensity of the wing is apxireciably 
greater in the case of the solution throughout the region from the centre of the 
Rayleigh line up to about 85 cm”* than that for the pure liquid, and beyond 
this, the intensities in the two cases arc equal. 

Chloroform . — In this case also, as is evident from figure 3, there seems to 
be an inflection in the curve at about 60 cm from- the centre of the Rayleigh 
line in the case of the pure liquid and this persists in the case of the solution. 
There is also a small increase in the intensity of the wing throughout its whole 
width in the case of the solution. 

Xylene . — The curves for imre xylene and its solution arc reproduced in figure 
'4. In this case the intensity is almost the same in the case of the pure liquid 
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„,tathecMeof tt>eso\uti<mintheKgi„n5 d,*. ^ tv »»t,« « tv^,wvi ' 
\mc, but beyond 20 cm'' up to tbe iarthcst edge oi v,mg ttierc an mcxcase 
in the case of the solution. 

Acetone. — ^Tbe two curves for acetone and its mixture arc reproduced in 
figure 5. The intensity of the wing increases in the case of the solution through- 
out the region from 20 cm~' from the centre of the line up to about no cm" \ 
but there is no such increase in the region nearer to the centre of the Rayleigh 
line. 

Chlorobenzene . — The curves for pure chlorobenzene and its solution are 
reproduced in figure 6. In tliis case the intensities in the two curves arc almost 
identical. The slight increase in the case of the solution in the region close to 
the centre of the Rayleigh line may be due to the contribution of methyl alcohol. 



9 JO 20 30 40 50 60 70 80 90 TOO no 120 130 

A" in cm”^ (on the Stokes side). 


Figure 4 - 
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o 10 ^0 30 40 30 60 70 80 go loo 110 lijo 130 
A»^ in cm"’ ‘ (on the Stokes side) . 

Figure 5. 

DIvSCUSSION. 

The above facts show that it is extremely doubtful whether in the case of 
any of the liquids studied any portion of the wing owes its origin to persistence of 
lattice oscillations in quasi-crystalline groups present in the liquid as postulated 
by Gross and Vuks. In the case of none of the liquids studied is there any 
appreciable diminution of intensity in the wing when the liquid is dissolved in 
methyl alcohol. Hence, if the lattice oscillations in quasi-crystalline groups are 
assumed to be responsible for any portion of the wing, it has also to be assumed 
that these groups are not affected at all on dissolving the liquid in solvents, but 
^such an assumption can hardly be supported by facts. The results observed in 
present investigation can at least jjartly lx? understood if it is assumed that the 
major portion of the wing is due to rotational Raman effect. The appreciable 
increase in the intensity of the wing which takes place on dissolving the pure 
liquid in the solvent has been observed mostly with polar molecules and increase 
in the freedom of rotation of such molecules with the dissolution of the liquid in 
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(> TO 20 30 ’40 50 60 70 80 go 100 1X0 

Av in cnr * (on Iho vStokes sidr ), 

FtC.URK 6. 

solvents is expected. The changes in the intensity observed in the case of carbon 
di.sulphide may be due to the fact that the solvent methyl alcohol contributes to 
the intensity a little greater in this case than in the other cases, because in the 
non-polar medium the association of methyl alcolud molecules may be broken up 
considerably. 

The fact that an inflection in the curve due to carbon disulphide is observed 
at the room temperature which is only a few degrees below the boiling point of 
the liquid, seems to be significant. One of the present authors obseived that a 
very intense new line appears at 70 cin“' in the Raman spectrum of solid caibon 
disulphide at low^ temperature. The inflection mentioned above also lies in this 
region. Therefore, there may be some connection between the inflection and the 
Raman line observed for the solid state. If that be the ease, it is doubtful 
whether the line is due to lattice oscillation, because persistence of such oscJla 
tions at 33^C. which is only a few degrees below the boiling point in the case of 
carbon disulphide is highly improbable. But the line is certainly <luc to some 

9 
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iiitermoleciilar oscillation and it seems from the results observed in the present 
investigation that the groups iu which the intermolecular oscillations take place 
are more stable than the so called quasi-crystalline groups and these groups may 
be some^vluIt like polymerised groups. In the case of solid chloroform also, such 
new lines lying close to tlie Rayleigh line were oKserved by one of the present 
authors and the persistence of an inflection in the curve in the case of the pure 
liquid as well as in the solution may indicate, also in this case, the formation of 
some stable groups of molecules as in the case of carbon disulphide. It can be 
easily seen, however, that the contribution of these groups to the intensity of the 
wing observed in the case of the liquids is very small, because it only produces 
an inflection in the continuous intensity-distance curve ; the origin of tlie curve 
itself lias to be attributed to causes other than intermolecular oscillations. 

Roiisset has tried to explain the discrepancy between the oliserved distri- 
bution of intensity in the wing and that expected from tlie theory of| rotational 
Raman effect by postulating the following hypotheses ; \ 

(r) The numlxM' of molecules which arc in the rotational c|uaiitmii state y 

~B/(/ + ij \ 

is proportional to in the case of diatomic gases, but in the 

liquid state under the action of intermolecular forces, temporary “ cybotactic " 
groujis are formed in which the orientation of axis of rotation is restricted so 
that the statistical weiglit of the rotational level is unity instead of ?. / l- 1, and the 

number of molecules in the State ? is proportional to r . The maximum 

value of the number in the former case is for the value of j given by (2 f + = 

2/B and ill the latter case it is for / = o. Hence the position of maximum 
intensity in the rotational w iiig is shifted towards the centre of the Rayleh;li 
line. 

(2) In the case of polar molecules each molecule is itself a dipole and is 
situated iu the field of surrouTidiug dipoles so that it can only execute angular 
oscillations about its mean position of iniiiiinum jiotcntial energy, and free rota- 
tion is restricted to a much greater exlcnl in this case than in the case of non- 
polar molecules. The intensity of the scattering due to the angular oscillation 
mentioned above is very small. Thus it is expected from this hypothesis that the 
intensity of the wing in the case of liquids having polar molecules should be 
very small. 

(3) Besides the rotation of molecules, there is another cause due to which 
there may be a broadening of the Rayleigh line. The fluctuation of the intermole- 
cular field due to the molecules lying ^A'ithin the Lorentz sphere caused by 
thermal agitation may also result in the broadening of the Rayleigh line. 

As regards the ^ restriction of orientation of the axis of rotation owing to 
formation of cybotactic groups, it may be mentioned here that though to some 
extent such a restriction may actually exist, there is no direct experimental 
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proof that this restriction is responsible for the shift of the position of maxinmni 
intensity in the rotational wing towards the centre of the Rayleigh line. The 
shift observed in the case of carbon disulphide or ben/cnc be due to 
the broadening of the Rayleigh line owing to fluctuation of intermoleculur 
field mentioned above. It is cmly from the investigation of the intensity of the 
wing due to liquids having light iion-i)olar molecules, that some delinite conclusion 
regarding this hypothesis can be drawn. Of course, the relative intensities of 
the lines corresponding to transitions j and in the rotational quantum 

number observed ))y McLennan and MeReod in the case of liquid hydrogen 
are the same as observed by Bliagavanlaiii in the case of gaseous hydrogen, 
Imt this fact does not lead to any definite conclusion, because only two Hues were 
ol)served in the case of the liquid hydrogen and they are (hie to two diliereiit 
kinds of hydrogen, the pro])ortion of each kind in the liquid state being 
variable with time. 

The cybotactic groups are not permanent groui>s of molecules. They are 
formed temporarily at dillercnt points in the li(iuids due to the (nientation 
of the molecules with their axes parallel at any instant and at the next instant 
the regularity in the arrangement disappears at these points but appears at 
some other points. Krishnaii ' has developed a method for tlie detection of 
presence of large groups of im^lecules in the liquid. By studying the depolarisa- 
tion of light scattered by pure liquids and binary liquid mixtures using the 
incident light polarised with electric vector horizontal, he has shown Hi at in the 
case of some binary liquid mixtures at some particulai' critical temperatures, 
there are large groups of molecules in the mixtures and due to the presence 
of these groups, the mixtures become a little opalescent at the critical tempera- 
ture. He c(juld not detect the presence of any such groups in the pure liquids. 
The presence of cyl.>otaclic groups may result in the restriction in orientation 
of the axis of rotation in some iJcrcentage of the molecules but not in the case 
of all the molecules of any liquid. In the case of carbon tetrachloride in the 
liquid state, the results of measurement of specific heat at different tempera- 
tures by Damkohler^ show^ that the observed values lie between that corresponding 
U) state of free rotation -h translational oscillation and that corresponding to the 
state of rotational oscillation -t translational oscillation. The existence of cybotac- 
tic group in liquid carbon tetrachloride is, of course, beyond doubt. These two 
facts show that there is possibility of free rotation in certain ijcrcentagc 
of molecules in the liquid state in spite of the formation of cybotactic groups. 
The hypothesis put forward by Rousset that in the case of polar molecules 
there is no rotation in the liquid state, but there is only rotational oscillation 
which results in the disappearance of the wing in the scattered light, does not 
seem to be generally true. As for instance, the wing due to chloroform appears 
to be stronger than that due to carbon tetrachloride and the wing due to chloro- 
benzene is not much feebler than that due to benzene. Ihc intensities of the 
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wing in these cases seem to be connected to S, the values of anisotropy of the 
respective molecules. The values of 8 for carbon tetrachloride and chloroform 
molecules in the liquid state'^ are i-2 and 8*4 respectively and those for benzene 
and chlorobenzene are 22 and 27 respectively. The observed relative intensities 
of the wing are not determined by 8 alone but they arc determined also by the 
nature of association of the molecules. Information regarding the nature of 
association and its influence on the free orientation of the polar molecule can be 
obtained from the results of measurement of molar Kerr constant in the liquid 
and vapour states. Some of these results discussed by vStuart and Volkomaiin 
are quoted below in table I in which the values of 8 obtained from Rao’s paper 
are also included. 


TABiai I. 




jMolar Kerr constant MK x at 20 ® C and siftb/u- 

Substance 

(liquid) 

5 X lu^ 

Oljservcd 

Observed 

Dbhcrvcd in so]nlioii^)f 



(vapour) 

(imre 

liquid) 

beii/cnc 

bciJtnnc ; 

carRni tetra- 
chloride. 

Carbon divsnlpbide 

1060 


4 * 0 .: 

5'.S 

S'O 

4-3 

Cbloroforitj 

S .4 

■“4'3.S 

— 2*00 



-3-9 

Chlorobenzene 



3 3^ i 

1 

19-6 



p-xylcnc 

6 

1 

1 ^-5 * 


2 * 6 ^ 





31 

- 



Acetone 

8-6 

1 


T-J7 

S'5 

j 1 

US'S 


Tt is evident from table 1 tliat though chloroform is a polar moleculct the 
effect of association on the value of ]\IK is almost the same as in the case of carbon 
disulphide. This is also true in tlie case of xylene. But in the case of chloro- 
benzene and acetone, the values of MK in the litiuid state are about one tenth 
and one fourteenth respectively of the values for tlie vapours. Since the values 
observed hi the case of solutions of these substances in some solvents approach 
that observed with vapour, it is ipiite evident that the diminution of the value 
of MK in the case of the liquid state is due to association. The intensity of the 
wing can be associated with 8 and the degree of association derived from tabic 
1 . The intensity observed in the case of pure acetone is very small and it in- 
creases in the case of solution. This is because the value of 8 is small and degree of 
association is very Ijigh in the pure liquid and the latter diminishes in solutioUi 
In the case of chlorobenzene, tliere may be sonic freedom of rotation about 
some axis even in the associated molecules and such a rotation may contribute to 
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the intensity of the wing. In the case of pure chloroform the effect of association 
is small and this becomes still smaller in the case of solution. Thus it is evident 
from the results of the present investigation as w'ell as of those on the Kerr 
effect mentioned above that even in the case of polar molecules in the liquid 
state in some cases a certain percentage of molecules can rotate freely while in 
other cases this freedom is restricted to a much greater extent^ and the 
intensity of the wing does not depend so much on the formation of cybotactic 
groups as on the association of the molecules. 

The difficulty about set)arating the position of maximum intensity Irom 
the centre of the Rayleigh line in some cases in which the moment of inertia is low 
may be due to the broadening of the Rayleigh line caused by fluctuation of inter- 
molecular field pointed out by Rousset and may not be so much due to the shift 
of the i)osition of maximum intensity as postulated by liim. 

Further investigations for the elucidation of .some of the points discussed 
above are in progress. 

The authors arc indebted to Prof, D. ]\1. Bo.se ior his kind intere.st in 
the work. 

pAivir Labokatory oi' T*uysks, 
y2, OppivR Circular Road, 

Cai^cuII'a, 8tb August, 1936. 
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ABSTRACT. -A general formula fortlie tliss.K-mtive W|nilil)iiiim in .m cxlernnl rmliniioii 
field is developed. This formula is applied lo the plienonjenon of il,e.mal loni.sation, mid 
S.iha',s equation and other allii'd relations are obtained It is (urther applied to the formation 
and annihilation of pairs of eleetrons and po.sitrons existing in stati.stieal equilibrium with 
radiation and the eon.sequencc-s are di.scussed. 


1 N T R ( ) r> U C T T O N. 

The theory of dissociative oquilihriuiii based upon thcniiodynaniics was 
lirst given by Nernst in connection with molecular dissociation in a reversible 
chemical reaction and was further developed liy Kggert * and ,Saha ® in the 
field of atomic dissociation and a])plied to the study of internal and external 
constitution of stars respectively. In discussing Saha's formula, Russel first 
suggested that external radiation may also play some part in ionisation. It is 
(luite probable that an atom is not ionised by radiation alone but it is first excited 
to some higher state in which ionisation may come about more easily than in the 
unexcited state. Milne ^ also pointed out the same and Wood in fact demonstra- 
ted the existence of atoms in the excited states under the influence of radiation. 
These discussions led .Saha ® and Sur to investigate the effect of e.xternal radiation 
on ionisation eciuilibriura. Their result is however the same as obtained by 
Milne'' from the study of statistical equilibrium in photo-electric effect. 

Of late, the subject of equilibrium between matter and radiation has gained 
added importance on account of its connection with the conversion of matter 
into radiation and the reverse process which incidentally touches the question of 
the source of stellar energy and cosmic rays. The first successful theory in this 
direction has been given by Stern ' who has deduced a relation for the concentra- 
tion of matter that exists in equilibrium with radiation at a given temperature. 
I'hc formulae pro|)osed by others from different considerations are essentially the 
same as Stern's. But the processes considered in the above theories do not in- 
clude the mechanism of annihilation and regeneration of matter. The pheno- 
mena of annihilation and pair production have recently been discussed by 
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Dirac ” from tHe point of view of his I,ocher Th'eory and Heitljer ” on ttie basis 
of Dirac’s idea has derived a relation again similar to that of vSteni. 

In the first part of this paper a general formula for the dissociative equilibri- 
um is developed. This formula is applied to the ionisation equilibrium in the 
second part and the third part is devoted to the equilibrium involving the processes 
of annihilation and creation of pairs. 


I. 


Let Ck and Cfi be the constituents of a reaction in equilibrium. These cons- 
tituents may be particles of matter and quanta of energy. Let and be the 
units of C/c and necessary for reaction. Also let this reaction be influenced 
by monochromatic external radiation. Then symbolically the reaction is 
given by j 

I 

K Cic H“ Radiation ^ CV U . . , \ ... (i) 

Farther from conservation of energy it follows that 


Ek hv 




Ufi EfJi + 


\ 

\ 


(2) 


Ek and arc the total energies of the particles and XT is the energy of trans- 
formation from the state k to XT may be positive or negative. For equili- 
brium evidently 


nn/”^ /„ =nn//''^ + ... W 

K 1“ /UK 

where /* , /a* fv are the distribution functions of the type of Ck , C/u 
and radiation and having energy Ek , Em and hv respectively. The left 
side gives the probability that wk units of C are converted into n/* \inits 
of Cm by absorl)ing hv . The right hand side gives the probability that mm is 
converted into wk by the emission of hv . The factors (i+/m), (i±/k) and 
( I + /k ) are introduced as customary in new statistics to allow for the preoccu- 
piedness of the states into which the constituents of reaction are changing. 
Positive sign is used for the type governed by Bosc-Einstcin Statistics and 
negative sign for type governed by Fermi-Dirac Statistics. 


Now f =—~ ••• (4) 

fet 

J_c + 1 
A 


If Ck and Cm are material in nature obeying Fermi-Dirac Stati.stics the deno- 
minator of (4) will have positive sign and A is the degeneracy criterion of 
Sommerfeld. If they arc particles of energy, obeying Bose statistics, the sign in 
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the denominator is negative and A on account of indefinite numbers will not 
appear, tsubstituting the values of distribution functions from (4) in (3) and 
remembering (2) we obtain 


If n 

jU (C 


A/1 ^ 

- - - —e 

UK 


A(c 


hv( 2_ 
k\T 



V 

feT 


(5) 


where T' is the temperature of external radiation. The table below gives the 
value t)f A in the degenerate and non-degenerate states for the relativi.stic and 
non-relativistic systems. 


Nou-dcg. 

A<<i 


Degenerate 
A> >1 


Non-relativi.stic 1 Relativistic 



G is the weight factor and is the rest energy. 


II. 

IONISATION KQUILIHRIUM TN AN KXTliRNAD 

radiation FIKDD.* 

The simplest tyiJC of this eciuilibriuin is constituted by the atom of an ele- 
ment in the normal state existing along with its ionised atom free cletrou and 
the external radiation. This may be expressed symbolically as 

Atom + Radiation 'Ion + Electron + U . 

« Here and in the next section we shall discuss the cqulibrium proces.s only in the non- 
degenerate system. It is evident from the formulae given above that the prr/ces.s of 
dissociative equUibriuni, discussed here, cannot take place in a degnerate system. [See 
reference (ir) ]. 

\10 
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U is the ionisation potential. In this cavSe Ck is the atom, correspond to 
ion and electron, hk — i and = i, when tliese values arc substituted in (5) and 
also of A we ,eel 

hvf 1 _ / 

N / • N / I 'j' 'p' 



In terms of partial pressure (6) is reduced to 


In ~ ~ 


log *1' — 


r ^i,v/ , 

A'T k\r 



(7) 


winch is in fact tlie same as olUained l)y Einstein from thermodynamic tlieory 
of Idiotri-Cliemical Equivalence. 


Since 


hv 

k'V ^ 

Stt/zv'’ 


when pv is the eiieri^y density ot 


pv 


radiation, relation (7) ])econRs 


h\e = lou - ; H- l().e, , ,,, - 




A-'r 








Ellis is the lovm of Saha * <md Sin . A similar relation ^\'ould follow fiom Milne.'' 
In the absence of e2<ternal nubation, (7) eives tlk well known Saba's formnla 
for llieniial iuiiisalion — 


loe 


1 / . 1 p 1 t » / . ( I ,, ( e Ti y / / ( ) ; "i I .) I I 

loe, k., 1 .j log i“-777. . 

1 ,/ ( w ft h k 1 


(o) 


m. 

r, qt;tlh; RiTi M iitn'WKRN matter and radiatiok 
IN T H K CASE OF A N N I II I L-A T I 0 N AND 
F' O R M A 'J' 1 0 N O F PAIRS. 

VVhcji a particle of matter is converted into radiation at the same temperature 
as matter and the ];evei-so process takes place, then for eqtrilibrium ,\ve have 


Particle^=^liadiatiou . 
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Again from (5) hy using the above two relations we get 


1 

a' 


DIC- 

//r 


... (10) 


since Cm is the radiation, Am does not a])i)car, iifi —1, --7, ,\i, ; T'-'l'' and 

H= Substituting for Ar in (ml wi- obtain 




A _ nu'^ 


(11) 


wliich is SUth's fonuiila. 

b'or the annihilation of an atom of atomic mnnbci /, which i^ ahendy c<.m- 
plctcly ionised, tlie ei|uilibrium is given by 


and 

uhicli reduce (5) to 


nucleus Z eIectrons^==^rad iat ion 
IC'l i\I c^-l Zh. + Z>,i-r^^= ^ ln' 


//r 


A , A' 


or 




. Z + r 


(M, • V1-) ' 

__(M, +Zam)c= 
kv ■ 


Since a — ?i_, the nund)er of nuclei per unit volume 


} 




l\J ^ 1 

/ X 

•I ' PV \ 

M , -fj , c >' 1 


ni -( .. 


IZV 


Z 


1 1 


This relation wa,s obtained by Kothari.” When applied to hydrogen it 
simplifies to give 


(]\r +m_)c^ 


... (13) 


lliG formula of KasscK ‘ ” 


As all those relations do not lake us into the: working of the i>roec?ss 
of annihilation we pass on to the lyochcr 'J'hcory of Dirac. According 
to the relativistic theory both the positive and negative energy states nj 
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the electron are possible. ( 3 f these the most stable states for electrons 
will correspond to negative energy and high velocity, for in this case 
the energy is minim urn. Snch states will naturally be filled up by 
electrons obeying Pauli’s Principle except perhaps a few associated 
with low velocity. But for these empty places or holes the whole 
region of negative energy state would remain unobservable. These holes (Lecher) 
are retarded in an external field of force as if they have charge + e each and 
are identified w’ith the so-called positrons. When an electron from a positive 
energy state jumps into the negative to fill one of the holes, an electron and a 
positron disappear simultaneously from the field giving rise to radiation. This 
is the phenomenon of annihilation. The energy evolved in the transition is 
equal to the difference of energies in the two states. The reverse process is the 
phenomenon of pair production. The conservations of charge and energy are 
fulfilled in these processes. But in order that the momentum may bel conserved 
the annihilation should give rise to two quanta moving in the opposite 1 directions. 
One quantum can however satisfy the momentum relation provided sonip nucleus 
or field is present to balance the excess of momentum. The protons and atoms 
may also annihilate if their counterparts (anti-protons and anti-atoms) arp present 
in the negative energy .states. 

Thus we shall have 

Klectron + Positron^ ^Radiation . 

Proton + Anti-piotou^=^Radiation. 

Atom I- Anti-atom ^ • ‘"^ Radiation. , 

Solving for electrons and positrons from (5) we get 


j_ 

A+A- 


= c 


(mn 

/cT 


or for the non -relativistic case 


n , n- = 


(2<rfeT)=* 


3 > 

(G,vi ,G-iu-)r 


(ill I + 

k'V 


(t 4 ) 


or since ?i+ = n_ = n ; 111+ = 111- = 111 and n, =(1_ = Cj1 =2 


n* 


:4 _1IIC‘ 

,rx(2irm/.-T)2 kK 


--- e 


... ( 15 ) 


and density p=2mv 


3 _mc* 
2 inG( 27 rmkT)^ feT 
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or 


log /) = I a-Q + ^ log T - X lo® . 


■ {i6) 


For the relativistic system where the energy of the pairs is much greater 
than the rest energy, {14) gives 


„ = 8^G I — 
, ch 


krv 


me* 

feT 


(17) 


Total energy of the system is given by 

K = 3 (an) e 

or / kT<i<iJ 

l? = <r'T^ 

where <J''= , and 

density f>= ^ ^ ^ 


mc “ 

kT 


... (18) 


(19) 


... (ao) 


or log p = 35 2 + 4 log T ... ... (21) 

Pressure of the system is equal to 


p_ E_ i6nGfc* 

3 ■ 




(32) 


The energy and the pressure in blackbody radiation on the other hand are 
given by 


E = o-T^ and P 


5TI 

3 


, 8jrn>^ 

i5c-'/r' 

It is worth pointing out that when radiation is converted into matter or 
matter into radiation, the energy and pressure of the system increase or decrease 

respectively by the ratio =i'8. Thus when the formation of pairs takes 

TT* 

place, the energy of the system is approximately double the blackbody radiation. 
This is what it should be as there is no difference between high speed particles 
and light quanta. 



596 


Jai Kishen 


A curve reproduced iu Kig* i is drawn to show the variation of density 
witli temperature for the cases; (i) when the electrons are formed by pressure 
ionisation in which case they form degenerate gas, and (2) when the elections au: 
formed at the cost of radiation in pair generation. In the case (i) the density. 

h mpcndwv i elation is given hy p » 17x10 T- for the uon-relativistic case and 
l/ie maxininm value of density is less than e'lo^ beyond which the system 
is I'c/ativistjc and the density tenijjeratnrc relation is given by p » 6 x nr 
'Vhe minicrical l alucs have been worked out for an ionised atom of iron. J'nr cast 
(j) the relation is given by formulae (16) and (ei), 


Cl 



It i.s ob-served from the graph that at density lo"^ and temperature 10” 
appreciable ionisation is only possible due to pressure ionisation. This happens 
ill White Dwarf .Stars. But to reach the .same density in the equilibrium whole 
pairs are being created or annihilated, the temperature of a higher order 
is required. Further it is evident from the definition of Polytropicindex 

l>=Kp where P is the pre.ssure, p is the density, m is the polytroiiicindex and 
K is a constant, that for stars built on the model of case (i) n = .t and .j. Detailed 
investigations in these connections have been carried on liy Ivddingtoii, Milne 
and others. For tire case (2) we have n = X) and thi.s gives rise to the model of 
stars having on isothermal core which has been studied by Eindcu. 
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INFLUENCE OF MAGNETIC FIELD ON THE COEFFI- 
CIENT OF VISCOSITY OF LIQUIDS. 

Part IT. 

By S. D- CHATTERJEE 


Weccived for pubUcaUon, s/fth Atif^usf, rQ^b.) 

AB8TRACT.~Thc present paper gives an account of the investigation on the effect of 
magnetic field on tlie viscosity- co-efficient of a few non-polar liquids and monoliydric 
alcohols. The former show no change of viscosity in a magnetic field, while the change 
observed in the latter seems to depend upon the shape of the molecule, e.g., on the presence 
of 0 straight chain, a side chain or a general symmetry of its structure. 

A preliiiimary account of the influence of magnetic field on tlie coefficient 
of viscosity of liquids appeared in a previous issue of this journal.^ The 
present paper forms a supplement to it and contains the results of investigation 
with a few non-polar liquids and mouohydric alcohols. 

iO 

EXPERIMENTAL METHOD. 

The experimental arrangement is the same as before ; only the toluene 
regulator is made of copper tubing and glass, the copper forming the main 
toluene reservoir and the glass containing the usual mercury contact arrange- 
ments.® By this means a quicker temperature equilibrium between the water 
in the thermostat and the toluene in the regulator, is realised. 

EXPERIMENTAL R E S U L T S . 

Table 1 contains the dipole moment and the percentage change of tj of the 
additional liquids examined while table IT gives the absolute change df/ of all 
those liquids whose viscosity coefficient has been allered by the magnetic 
field. 


11 
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Tabi^e I. 
H-34 K. G. 


Substance. 

Structural formula. 

Temp. 

iiilh ^ 100. 

Dipole, mo- 
ment X 10^8. 

Hcnzene 


<z> 

30" '2 C. 

Zero 1 

0 



Oh 




P-xyleiie 


/X 

.V8C. 

1 

Zero 

0 



V 






CFI3 



i 

Hexane 

CHiiCIIsCTTjCTTj-CHa’CIla 

29” -2 0. 

i Zero 

i 


Tl 

1 





Methyl alcohol 

1 

-Oil 

3 .S‘" 8 C. 

Zero i 

i\ 1*68 


1 

H 




i\ 


H 




\ 

Kthyl alcohol 

1 

CHj-C 

1 

-Oil 

29“ '2 C. 

7 cro 

l 

07 


1 

H 

CH. 


1 


Tso-propyl alcohol 



1 



H-C^OH 

1 

1 Zero 

i ‘7 



CTI3 

1 

i 

1 

( * 

i 

j 

Tso-butyl alcohol 

CHs 11 

1 1 

1 

1 


1 

1 


n-c — c-()H 

1 1 

1 

F 

1 1 

+ o‘i5 

i ’7 


1 1 

CH, H 







) 1 

“O’ 16 

r6s 

Butyl alcohol (normal) 

CllgCIL/CHz-CIh/OH 




CH 

1 

3 

ai'sc. 

Zero 


Secondary butyl alcohol 

CHj-C 

-OH 









CII3 1 

1 





1 


Zero 

i 1-65 

Tertiarj^butyl alcohol 

CII3- 

-C-OTT 

1 






1 y 

— tt'obS 

1 '6 

Hex>d alcohol (normal) 

CHvCHjCHjCIIj Cllj-- 
CITjOIT 




Heptvl alcohol (normal) 

CHaCHjCHsCH/CHj-- 

1 1 

1 

Iiiappreci ■ 

i‘7i 


CH*-CHjOH 


able. 

Di-normal propyl ketone 

CaHr- 

-CO-C3HS. 

7 J 


2’7 


Influence of Magnetic Field, &c. 


40 ! 


Table II. 

H — 34 Kilo-Gauss. 


Substance. 

Temp. 

V 

dv 

Nitrobenzene 

27 “ C. 

I ‘8 X io"2 

+ 1-8 X 

Toluene 

2.S°-.S C. 

5'2 X ID'S 

+ 3'7 ^ JO’® 

Acetone 

2.S''-5 C. 

yo X 10^3 

1 

'JT 

X 

TYopyl alcohol (normal) 

26 * -s 

1 s 

. 1-(J X 10 ^ 1 

1 

1 

— .!-3 X 10 “ 

I?uty] alcohol (normal) 

C. 

j 

i x io *'2 

X 10 5 

Hexvl alcohol (normal) 


eg X 10 '2 1 

-2-6 X U, 5 

I.so-butyl alcohol 

2Q*-2 C. 

2 9 X 

+ 3-8 X Ju'® 

fso-amyl alcohol 

C, 


■*-3*1 X lo’ 


n I S C l) S S I O N OF THE R E' R U L T R . 

'I'hc Tion-polar ii(iuids, e.g., liuxant;, benzene and /^-xylene sliow no change 
of viscosity in a magnetic field, while, the diverse results obtained in the case of 
niouohydric alcohols is explained Iry the fact that they can be subdivided into 
three groups. The first group, consisting of straight-chain molecules, c.g., 
normal propyl alcohol, normal butyl alcohol and normal hexyl alcohol, shows 
dirauiution of viscosity in a magnetic field. The second group of molecules, 
having side-chains, e g., iso-butyl alcohol and iso-amyl alcohol, shows increase 
of viscosity. The third group of molecules, however, having more or less symme- 
trical shapes, e.g., iso-propyl alcohol (dimethyl carbinol), secondary butyl 
alcohol (methyl ethyl carbinol) and tertiary butyl alcohol (trimethyl carbinol), 
shows too small a change to be detected with the ijresent arrangement of the 
apparatus. For highly viscous liquids again, becomes very small . This 

explains the null resiilt observed in the case of normal heplyl alcohol. 

With the present arrangement, a number of liipiids do not show’ any change 
of viscosity in the field of the electromagnet. This may be due to the fact that 
the arrangement is not sensitive enough. An apparatus is being constructed 
which it is hoped will be more sensitive. 

The author is indebted to Prof. 1 ). M. Bose for his kindly suggesting this 
IM-oblem and continued interest in its progress. 

I'aut Laboratory of Physics, 
q 2 , Circular Road, 

Calci'^tta. 

R K F E R K N C B S . 

1 P. K. Raha and S. D. Chatterjee, Ind, J. Phys., 9 , /)^5 (1935). 

TI. Smith, Rev, Set. Inst., 6» 82 (1935)* 
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STUDIES ON SOME INDIAN VEGETABLE OILS, 

PART III. 

Viscosity and its variation with temperature. 

(in continuation of Part I.) 

By G. N. BHATTACHARYYA. M.Sc.. 

Chose Research Scholar in Applied Physics. 

(Rrceived for Publication, cyd Si’l'icmbn , jp.^6.) 

ABSTRACT.— In ('ontinuation of Part I the- vi.scosity and its variation with temperature 
within the range 75"F to 200 *P of six more Indian vegetable oils, viz., Groundnut, Chaul* 
inoogro, Neenj, Kapok, Pnimag and Itlahun, have been determined with a .standard 
Redwood Viseometer No. i. The viscosity within this range of temperature is found to be 
capable of being represented by a logarithmic formula of the form log»)= log A— «t + M* 
— yt^ + St^ involving five constants, log A, o, p, y and S, who.se values have been 
evalnated. The observed values of viscosity at different temperatures are in gisxl agreement 
with their calculated values from the above logarithmic formula. 


INTRODUCTION. 

In a previous comnmnication > the importance of the study of the viscous 
properties of the vegetable oils in general in view of determining their useful- 
ness as lubricants and as insulating oils has been pointed out. In fact, the use of 
vegetable oils as lubricants either alone or in mixture with some mineral oils 
is gradually getting more and more into prominence. Steiner ^ is definitely 
of opinion that the only property which selects out an oil as lubricant is the 
variation of its viscosity with temperature and not simply its viscosity at 
single temperature as has so far been determiued iu general commercial practice. 

Two oils may have widely diBerent values of viscosity at different tcmlicratuies 

though they may have the same viscosity at some particuiar temperature, 
say for instance at j4o”F, at which viscosities of iubricating oiis are de er. 
mined in England. Thus the measurement of viscosity at a 
tnreisnot sulScicnt to give any information regarding t e suia iiy o. i 
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oil as a lubricant. Steiner has, therefore suggested that viscosity-tempera- 
ture curves for such oils within the range to "S^C {i.e., 8o°F to i7o®F) 
should be known and if they are found to be identical within the above range, 
it may be taken that there would not be any divergence at higher tempera- 
tures, although discrepancies might occur at lower temperatures, as all oils 
do not solidify in the same manner. The present paper, therefore, deals with 
the viscosity measurements of a few more Indian vegetable oils, in continuation 
of the author’s previous work. 

EXPrCRTMRNTAL RESULTS. 

The Indian indigenous vegetable oils under this investigation were obtained 
from the Bengal Chemical and Pharmaceutical Works, Ltd., and the Calcutta 
Soai) Works, Ltd. They include Groundnut {Arachis liypogaca), Ctjaulmoogra 
(1 araktogenos Kurzii), Nccm {Melia azadirachia), Kapok (Bombax mahbaiicum), 
Punnag (Canophylum Inoihyllum) and Mahua (Bassia lalifoUa). Tpe appara- 
tus and experimental procedure arc the same as described in a previoi^s jiaper.^ 
The only modification which has been introduced is the lifting of \ the ball 
valve by means of a thread which passes over a frictionless pulley. 'Phis 
renders the manipulation easier and reduces the difficulty of starting the stop- 
watch simultaneously with the lifting of the ball valve. 

In table I the observed values of viscosity at different temperatures are 
included. Data of refractive index are given in table II and those of specific 
gravity in table III along with those of other investigators. 


Table I. 


Oil. 

Viscosity in seconds Redwood. 

At 75 *F 

At loo-F 

At i25"F 

At 150” F 

At 17S*F 

At 20 o"F. 

Groundnut 

274’3 

iS6'o 

103*0 

73 '6 

57‘3 

47 '5 

Chaulmoogra 

766 'o 

386-1 

221*0 

i 3 i ’5 

94'3 

64-7 

Ncem 

3706 

203-4 

124*2 

—86-0 

65 '3 

S 3'5 

Kapok 

S 49 'o 

284-2 

j6i’i 

io6‘8 

84-7 

748 

Punnag 

393 ' I 

2057 

i 25 ‘i 

85-0 

643 

51'8 

Mahua 

566 ’o 

i86'9 

iM '5 

79‘7 

61-7 

49'9 



Studies on some Indian Vegetable Oils 


405 


Tahi,b II. 

Refractive index data. 


Oil. 

Lewkovvitsch ^ 

Wright and 
Mitchell.^ 

Till. Cril. Tables 

Jamieson 

6 

Autl 


Refr.Ind. 1 

L“C. 

Refr. Tnd.lt-C, 

Refr. Ind. 

t“C. 

Refr. Tnd. 

t”C 

Refr. 

Tiui 

l“C 

GrouudJiut 

i'473i 

15 


1-4620-53 

40 

T ‘4 680 — 72 

20 

i' 463 i 

33 


i'4698 

20 




1 '4680 — 707 

25 



Chaulmoogra 


— 


1-4777- 9 

25 

I 4720 

40 

1-4770 

33 

Neem 

— 

— 


1-4720-74 

40 

i' 4753 “ 7 i 

30 







1-4607 —20 

40 

1-4621 

40 

1-46501 

33 

Kapok 

— 

— 


1-4602—57 

40 

1*4610 

40 

I '4657 

33 

Puimag 

— 

— 


' — 

— 

— 

— 

i'4725 

33 

Mali u a 

T‘457o 

40 

C 

1 

1-4578-614 

40 

i’ 4577 - 6 io 

40 

I '4635 

33 


Table III. 


Specific gravity data. 


Oil. 

L/ewkowitsch^ 

Wright and 1 
Mitchell.^ 

Inl.Crit. Tables * 

Jnniiesou 

Author. 

Sp. gr 

/C. 

vSp. gr. 1 

t°C. 

Sp. gr. 1 

IT. 

vSp. gr. 1 

"C. { 

=>p.gr. 

rc. 

Groundnut 

o '9256 

i5'5 

1 o'QT95— 256 

15 

0*917 — 26 

15 

0-9118-45 

20 1 

0*9125 

31 

Chaulmoogra 

I — 

— 

o’95io 

25 

0-943-54 

15 

0- 945 -52 

30 

0-9562 

31 




00 

0^ 

b 

30 







Neem 

— 

— 

1 _ ’ 

— 

0*925 

15 


— 

0-9151 

1 

Kapok 

0*9199 

18 

0 9199 — 217 

15 

0*923-33 

15 

0 9208 — 300 

15 

0*9252 

31 

Punnag 

— 

— 

— 

— 

— 

— 

— ' 

— 

0*9309 

31 

Mahua 

0*8943— 8 ^ 

100 

0*8970 

IOC 

) 0*862 

100 

. 0*857-70 

100 

v . 

0*9108 

31 
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DISCUSSION. 

The viscosity teniperature curves are shown in figure i . It is found that 
the viscosity of these oils generally vary largely with temperature. With 
increasing temperature their viscosity decreases, the rate of diminution, how- 
ever, decreasing at high temperatures. If the above curves are extrapolated 
slightly towards the left, the values of viscosity at 70®F are obtained and they 
are in good agreement with the data supplied by Crossley and Le Sueur’ 
for indigenous Indian oils. For Mahua oil the present author's value of 
viscosity at i4o°F falls within the range of viscosity values found by the above 
investigators at the same temperature. 



Temperature in degrees Fahrenheit. 

Figure i. 

Viscosity-Temperature curves of Ve etable Oils, 
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Figure 2. 

Viscosity-'Pciiiperaluru curves drawn on Logarithmic Scale. 

Logarithmic curves of viscosity with tcnipcratiirc have been shown in figure 
2. They are similar in nature to the curves found before for other vegetable oils. 
By the method of least squares the values of the constants involved in the logarith- 
mic equation, log v = log A — + have been evaluated and 

are given in table IV. The values of viscosity at different temperatures cal- 
culated from the above equation are in good agreement with their corresponding 
observed values, as shown in table V. 


Table TV. 

log rj = log A — + + 


Oil 

1 log A 

a X io 5 

1 

B X 10® 

y X io 9 

5 X 10^® 

Groundnut 

2 - 43 S 3 

I 

20098 

31190 

746 

85 

Chaulmoogra 

2 -8806 

20483 

-6655 

-4526 

-361 

Neein 

2-5702 

30384 

11181 

-385 

- 42 

Kapok 

37383 

2 II 45 

— iiSi 

-3704 

-251 

Punnag 

2-5993 

31606 

9563 

-1446 

-141 

Mahua. 

2-5648 

23399 

19951 

210 

- 57 
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Table V. 


Groundnut Oil. 


tx 

log 71 (obs.) 

log ri (calc.) 

Percentage error. 

23-89 

2-4383 

2-4383 

0*00 

30-85 

2-3118 

2-3084 

+0-15 

37-78 

2*1931 

2*1956 

— 0*11 

44-73 

2*0969 

2*0973 

— 0*02 

51-67 

2-0128 

2 *OIII 

+ o'o8 

58-61 

1-9395 

1-9351 

10*22 

65-56 

H 

1 

1*8679 

1 

-^0*05 

72-50 

1-8062 

1*8088 

-^■14 

79-44 

1-7582 

^ 157 ^ 

+ o*o6 

86-39 

1*7160 

1*7131 

+ 0W7 

93-33 

1*6767 

1*6771 

— 0*02 


Chaulmoogra Oil. 


rc 

log V (obs.) 

log V (calc.) 

Percentage error. 

23-89 

2-8842 

2 *8806 

+ 0*12 

30-85 

2-7316 

2-7365 

-“o*i8 

37-78 

2-5867 

2*5940 

■“0*28 

44-73 

2-4683 

2-4591 

•t-o -37 

51-67 

2-3444 

2-3358 

+ 0*36 

58-61 

2*2240 

2*2261 

— 0-09 

65-56 

2*1189 

2-1201 

-005 

72*50 

2 -0453 

2*0459 

— 0-03 

79-44 

I '9745 

1-9694 

+ 0*26 

86-39 

I *8976 

1-8945 

+ 0‘i6 

93-33 

1*8109 

1-8133 

-0-13 
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Table V (contd.). 
Neem Oil. 


t’Q 

log Ti (obs.) 

log rj (calc.) 

Percentage error. 

23-89 

2-5689 

2-5702 

-0-05 

30-85 

2-4433 

2-4342 

•4-0-37 

37-78 

3-3083 

4-3095 

-0*05 

44-73 

2-1973 

a- 1967 

+ 0*02 

51-67 

2-0941 

2*0959 

— o-o8 

58-61 

2-0043 

2-0072 

-0-14 

65-56 

x-9343 

1-9301 

+ 0-24 

72-50 

1-8633 

1*8642 

— 0-04 

79-44 

1*8149 

1.8088 

+ 0-33 

86-39 

1-7597 

1-7628 

— o-i 6 

93-33 

1*7284 

17250 

+ 0-J9 


Kapok Oil. 


fC 

log IJ (obs.) 

log 71 (calc.) 

Percentage error. 

23-89 

2-7396 

2-7383 j 

■fo-04 

30-85 

2*5888 

2-5920 

— 0*12 

37-78 

2-4536 

2-4513 

+ 0*09 

44-73 

2*3222 

2-3214 

■ -4 0-03 

51-67 

2*2071 

2*2063 

4 0-03 

58-61 

2-1072 

2-1094 

— 0*10 

65-56 

2*0285 

2-0290 

— 0*02 

72-50 

1.9661 

1*9678 

— 0'o8 

79-44 

1*9279 

1*9232 

4 0*24 

86-39 

1*8893 

1*8920 

—0*14 

93-33 

1*8704 

1 . * 

1*8698 

4 0-03 
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Table V {contd.). 


Punnag Oil. 



log 1) 

(obs.) 

log V 
(calc.) 

Percentage 

error. 

2389 

2 '5945 

2-5992 

— o'i8 

30 ’85 

2 ‘4624 

2 '4542 

+0-33 

37'78 

27133 

2-3209 

-0*32 

4473 

2 ’ 20 T 4 

2 ‘ 20 lO 

+ 0-02 

51 '67 

2 '0972 

2*0953 

+ 0*09 

1 

S8'6i 

2 *0086 

2 ‘004 3 

1 

+ (|’ 2 I 

\ 

65'56 

19294 

1-9270 

+ o\t2 

72 ’ 5 o 

I '8603 

1*8622 

— o'yo 

79'44 

1 ‘8082 

1*8076 

+ 0 * 6^3 

8639 

17597 

1 ’7602 

— 0*02 

93'33 

17143 

J'7162 

“o*n 



Maliua Oil. 

# 

tX 

log V 
(obs.) 

log V 
(calc.) 

Percentage 

error. 

23 ‘89 

' 

2*7.396 

273^^3 

+ 0*04 

30'85 

2 '5888 

2-5920 

— n'i2 

37 ’78 

2*4536 

2 '4513 

+ 0*09 

4473 

2-3222 

2-3214 

+ 0*03 

ST (>7 

2’2071 

2*2063 

+ 0-03 

58 '61 

2' 1072 

2*1094 

— 0*10 

65*56 

2*0285 

2*0290 

— 0’02 

72*50 

1*9661 

1*9678 

— o*o8 

79*44 

1*9279 

1-9232 

+ 0*24 

86‘39 

1*8893 

1 1*8920 

-0-14 

93*33 

0 

00 

1 18698 

+ 0-03 
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It may thus be noted that the logarithmic equation log rj = log A -- 4 - — 

yt'^ + St^ proposed by the author in his previous paper is equally applicable in 
these cases. Recently Erk and Eck*^ have reported that the formula proposed by 
Andrade is not suitable for representing the viscosity temperature relationship 
in some lubricating oils studied by them. 

Among the oils investigated Chaulmoogra has the highest value of visco- 
sity within the range 75° F to 190°F. At iqo°F it has the same viscosity as 
that of the Indian Kapok oil. At still higher temperatures the viscosity of 
Chaulmoogra oil is less than that of Kapok oil. Excepting a slight difference 
within the range 75°F to ioo'*F, Punnag and Neem oils have almost the same 
viscosity throughout the whole temperature range of investigation . Groundnut 
oil, on the other hand, is the least viscous among these oils. 

The viscosities of these oils are higher than those of the mineral oils which 
are generally used as liquid dielectrics. At 75 for example, the viscosities 
of these vegetable oils vary from 766 seconds to 275 seconds, whereas those 
of mineral oils generally vary from 250 seconds to 95 seconds. It ap]>ears, 
therefore, that so far as the viscosity is concerned, these oils possess no advan- 
tage over the mineral oils as insulating oils but may be more suitable as lubricants. 
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ON THE LAWS OF DISTRIBUTION OF VELOCITIES OF 
PARTICLES UNDERGOING EMISSION AND ABSORPTION 
IN A RADIATION-FIELD'^ 

By JAI KISHEN 
S. D. College, Lahore. 

AND 

N. K. SAHA 

Bose Research Institute, Calcutta- 

(Received for publication, September 2Q, 7936.) 

ABSTitACT.— Kollowing I'liiistein’s theorcins on the eniis.sion and absorption of radiation 
by atoms moving in a radiation field it is .shown that the general distribution law of velocities 
of particles in .such a field is I'ermi-Dirac’s or llo-se-Kinstein’s according ns the particles in- 
volved have antisvniinetric or symmetric w'avc-functions. The possible application of the,se 
theorems to metal physics is di.scussed. 


§ T. INTRODUCTION. 

The fundaineutal theorems dealing with the ])roperties of an as.sembly of 
atoms in equilibrium with radiant energy w'ere developed by Kinstcin ’ as early 
as 1917 in his famous theory of radiation. Tn the first place he showed that 
when an assembly of atoms in an enclosure exi.sts in thermodynamic equilibrium 
with radiant energy, emitting and absorbing radiation according to the laws of 
probability, the distribution of radiant energy in the .steady state is given 
by Planck’s Law. In the .second place he considered the mechanism of motion 
of atoms in the radiation field in detail and arrived at many interesting conclu- 
sions. Thus let us picture with Einstein, a system of atoms enclosed in a 
radiation field. If the frame of reference is taken to be fixed to one of the 
moving atoms, the radiation-field will, for obvious reasons, appear anisotropic. 
In such a case an atom moving in any given direction with a velocity v will 
meet more radiation ahead than behind, so that absorption of radiation will tend 
to slow down its motion, while emission in such a system being isotropic will 

• Communicated by the Indian Pb)'slcal Society. 
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have no mean effect on the motion of the atom. There will therefore l)e an average 
retardation acting on the atom, to the first order proportional to v, given by 



(^) 


111 ail isotropic iiicdiuni this retardation will be absent. vSo if v lie the velocity 
of the atom at the beginning, the velocity will be retarded to after an 

interval This might lead one to think at the first sight that each atom, apart 
from the effect of collisions, will ultimately come to rest after a sufficient length 
of time. But this is not so. Superimposed on this change in velocity due to 
retardation in any given interval of time /, is an increment of velocity ti arising 
from the random fluctuation in the direction of emission and absorption of radiation 
taking place in the medium. The mean value of u is obviously zeroj(fi==o), and 
any value of u is independent of v, in the first order of the velocity ICinstein 
showed that in such a case the necessary condition for a Steady state is given by 

where the bars denote the averages over all the atoms. The relation (2) 
gives 

. 2 / 2A,/ \ 

— (j — e ) 


Or 



(3) 


where t is small. Einstein calculated A and from an assumed mechanism 
involving an actual estimation of the average change of monicntiiiii contributed 
l)y radiation to each atom due to the total number of emission and absorption in 
which it participates per second in the anisotropic radiation field. hVoni tlie indivi- 
dual values of and A he was able to calculate the mean square velocity r- 
with the aid of (3) and showed that it obeyed the relation 

i ni =i feT, ... ... (4) 

which represents the proper value of required for the preservation of the equi- 
librium. 

Einstein's investigations were further supplemented by Milne ^ who inves- 
tigated the distribution of velocities of atoms undergoing emission and absorption 
in a rediation fiel(^ as pictured above. He showed that if the centre of mass of 
the atoms moves according to the law given by (i), and if in any small interval of 
time i each atom acquires a velocity increment u, independent of v, such that 
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't = o, then in the steady static, asssuiniiiK the distribution to be the same at the 
beginning as at the end of the interval, the distribution function is given by 


y (v) (i-e = 



f5) 


where v~ is given by (3) and A is a constant, 
is Maxwellian. 


1 he distribution in otlior words, 


In the present paper we ]>ro]X).se to shov\ that the general distribution 
function in such a case is leally that of bcrini-Dirac or Uose-banstein, acc(>rding 
as the nature of the particles (whether they have antisynnnetrical or syinnietrical 
wave functions) constituting the system, and the classical distribution obtained 
I)y Milne comes as a limiting approximation to these general ca.ses. In other 
words, the general distril)Uti<ni function is 


f (t) dv 


1 



ii c , 


( 6 ) 


where the plus .sign is for the IM). and minus sign for the B.iv. distribution. 
The present considerations aim at completing the investigations of Milne 
which on account of their wide ajjplications to astrophysical problems have been 
of great importance. The generalised theorem ironsidered here finds an elegant 
application in metal physics. It seems pos.silile to work out fully the complete 
theory of electrical conductivity of metals on the basis of this theorem. This 
question is discussed in the last section. 

S 2. T H ]•; C. U N I-: R L I) 1 S T R 1 I! t' T I ( ) N h W. 

We now proceed to calculate the geneial distribution-function of particles 
undergoing emission and absorption in a radiation field. In what follows w'e take 
the velocity in one dimension only, or the component of velocity only in a given 
direction. L,et / (v) be the distribution function of particles imssessing a velocity v. 
In any given interval of time / a particle in this group will change its velocity 
due to retardation arising out of the ani.sotropy of the medium and the random 
fluctuations in the direction of emission and absorption of radiation. If V be the 
velocity of the particle after a time /, the change in velocity is 

7t. = V — t; d'w = d\' ... ... (7) 

w = (ve~^^-v) + u 


Also 


— XI.V + u, for small values of i 




... (S) 

« (^) 
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IvetF(V) be the distribution function in the final state corresponding to the 
velocity V. The probability of transition of a particle from the initial state of 
velocity v to the final state of velocity V depends upon two factors : first, on the 
probability of the particles with the initial velocity r acquiring a relative velocity 
V—v, and secondly, on the probability of uu occupiedness of the final state. 
The first may be expressed by 'l>(r, w) and the second by i TF(V), where the 
minus sign and the plus sign are respectively applicable to particles having 
antisymmetrical or symmetrical wave functions. Since f(v) is the initial dis- 
tribution function with the velocity v and we have initially particles of all 
velocities present in the assembly, the final distribution may be written as 


F(V)dV = dV 


1 


4 - 30 

f(v) (xi, w) fj+F(v)] dv 


(lo) 


now for the same initial velocity 7> the particles have a distribution inW among 
themselves after a time t due to the random fluctuation of u among thd various 
subgroups of particles with the same initial veloeity v. The fraction of particles 
which attain any chosen value of ic after a time t, satisfying (7), must tilerefore 
correspond to and depend upon a given value of u. In other words, since u is 
independent of v, we can express (v, w) as 


<1* (71, — 71AO = i/- (w). 

In a steady state 1*' ^ /. Therefore we get* from (10) 


i (V) 
i+/(V) 


I 


+ 00 

/ (t) ‘T*(v, V 


)dv. 


(ii) 


(12) 


Further since u is random in character, we may have as many particles with the 
positive value of M as with the negative value. So we may set 
The function y (u) also satisfies the conditions 


1 


4 oc 

(m) du - I ; 

— 00 


1 


(/>/) tidii — iL = 


o 


and we put further, 



(m) du 


u 


2 


* It may be mentioned that a differential equation which is the classical analogue of (12) 
was derived by Kinstcin and I’Ckker, and also by Planck (Ann. d. Phys., 43, 8ro, 1914; Berl. 
Sitz., p. 324, 1917) who cdiisidcred the equation and its derivation in some detail. This classical 
Einstein-Fftkker equation may be also generalised by introducing the factor i — F(V) in a 
similar way as in the present cavse. 
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In order to make use of (ii) in (12) we introduce a new variable .v by the 
relation 


giving 


V — !» = — X-tt) + X, 


V — x , , V — X 

V = — ; V -T = -Af - - +X. 

I -At I— At 


• (13) 


Changing the variable in (12) accordingly we have 


i±/(V) 




dx ... (r^i) 


which with the helj) of (it) gives 




4 oc 


... (15) 


Expanding the function / in powers of x and integrating term by term we get 


/(V) ^ 

i+ 7 (V) 


] 


{16) 


for small values of f, after neglecting terms involving in the expansion as 

they are of higher order in t than 


Now let ®(V) = 

i+/(V) 


wluch gives /(V)= 

and / (V) + 1 j ^ • 


Substituting these in (16) and simplifying, we obtain in the first order of ff(V) 


~ 0 (V) = V 0 '(V)+^ f- 0 ''{V). 

At 


(17) 
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For the limiting case / — ^o, (17) becomes 

^e"{v) + Lci^_^^ [ve'(v)-\ 0(v)] = 

The complete solution of (18) is 

1 

V 


e(v) = < 




i' 


13 r A 

- J» J, 


Xi 

►o , 7 ^ 


(18) 


(19) 


Since (hj is’ ‘livergent, 11 nnisl be zcio. So we have 


= Ar or /(V)== 

i 

A 


Uu) 


vvliich is the usual form of the general distribution function, the pins siWn corres- 
ponding to the Fermi-Dirac and the minus sign to the llose-Finsteiulstatistics. 

I— —1 \ 


It is easily seen from (19) that /a has tlie (liiiieiision of 


form of 
the coTKliiion 


[ Knero;y 

AT J- 

£ 


111 

_ A’TJ' ‘‘ 


lat liv'^ is 


SO that /i\y" is the 


The constant A can be evaluated in the usual way from 


/(t')p(<^)(le = N 


where /(<■'] is the distribution function of i»articles having energy ^ and 
is the number of energy states lying between e and «; t de per unit volume. 


§ 3. D I S C r S S I O N. 

Milne ^ has pointed out that the theorem iliscussed above applies under 
the conditions stated which may not correspond to the .state of statistical equili- 
brium. The necessary and sufficient condition for the apiilicability of thc- 
theorem is that the system must be in a .steady slate. 'I'lie theorem is therefore 
of wide applicability. In its limiting classical form Milne ■’ applied the theorem 
to the calculation of mean square velocity of atoms in the stellar atmosphere and 
from this he obtained the apparent temperature of stars corresponding to radial 
and cross-radial velocity distributions. 

The more generalised theorem of motion of particles undergoing emission 
and absorption in a radiation field described above may find a suitable application 
in the domain of, electron theory of metals. In the metal theory it is 
assumed that the electrons in the lattice-states of the crystal are being scattered 
in the Debye field of thermal vibrations constituted by the metal ions. 
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Looking at this picture from the point of view of the present theorem, we 
may suppose that the electrons, while moving through the Debye field of clastic 
vibration experience a retardation proportional lo their velocity as given by (i). 
Moreover, as the electrons have anlisymmetrical wave functiotis or they are 
distributed among the lattice-stales according to the Pauli s principal, they will 
be distributed, under the influence of the retarding force and the random fluctua- 
tion in the direction of emission and absorption of radiation, in accordance 
with the Fermi-Dirac Statistics (20). When an electric field is applied to 
this system, in the steady state, the force of retardation is balanced by the 
electric force acting on each electron. From a detailed consideration of 
an assumed mechanism of retardation of motion m the Debye field, the 
factor A can be rigorously calculated in a way analogous to Kinstein's. 
This idea was first introduced by Brillouin ^ to calculate the electrical 
conductivity of metals, but his results were not satisfactory, as the expression 
derived by him for the interaction between lattice-vibrations and electron-waves 
was based 011 classical considerations, and moreover it contained some constants 
which could not be evaluated. Brillouin 's calculation was modified byGriineisen 
by taking into account the quantum mechanical idea of interaction, and thus he 
was able to derive the laws of temperature-variation of electrical resistance of 
metals at high as well as at low temperatures as obtained by Bloch. But the 
difficulty of evaluating Brillouin ’s constant still remained in Griineisen's calcula- 
tion, and he calculated only the ratio of resistances at two different temperatures. 
The determination of absolute value of resistance at any temperature on tins basis 
w'ould require a complete evaluation of Brillouin ’s constant which depends upon 
the exact mechanism of interaction of lattice- vibrations on the motion of electrons. 
The detailed calculation of electrical conductivity of metals with a complete 
evaluation of this constant taking into account the quantum mechanical 
interaction is in progress and will be communicated in a forthcoming paper . 

Our best thanks are due to Dr. R. C. Majumdar for his kind interest and 
encourgement during the progress of the work. It is also our pleasant duty to 
record our sincere thanks to the authorities of Bose Research Institute for their 
kindly allowing us to carry out the present investigation in their Institute. 
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THEJL SPECTRA OF IRON ABOVE THE CURIE POINT 

By SURAIN SINGH SIDHU 

(Received for publication, 28th September, 1936,) 
INTRODUCTION. 

As seen from Thoraeus' ' Moseley diagrams of the M levels of the elements 
of the atomic numbers 24 to 35, a change of slope for each level occurs at copper 
(29). There is a decided bend in the curve for the Miv, v level. The L levels 
are more strikingly anomalous. The wide separation of the levels Lii and I^iii 
which may be obtained from the difiference in the energy of the Koj and K«; 
lines and by soft x-ray work from the difference L,/ 3 i -ha, as well as, Ln-I/t 



Miv, ' 


Mi 


k U L, 



Figure i. 

X-ray energy level diagram. 

as shown in the energy level diagram, figure 1 is suprising : If the difference 
hii ~Liii be plotted against atomic number, as shown in figure 2, the elements iron 
(26), cobalt (27) and nickel (28) form a " hump ” on an otherwise smooth curve. 
Also, as shown by Thomas * from the critical potentials of the L series of iron, 
cobalt, nickel and copper that when Li , Lm , L* , Ln are plotted against atomic 
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Figure 2. 

Moseley diagram of -Lni of the elements *34-35. 

(Data from Thoraeus table VI). 

number, the Moseley curves show a change of slope lx;lween nicicel and copper. 
These sudden changes in the structure within the M and L, ^lectra are thought by 
Thoraeus and others to lx; connected with the inaguetic properties of the elements 
of the iron group, probably due to some changes of the electronic arrangements 
in the energy level Miv, V. Since Mi v, v shell is incomplete for elements below- 
copper, the building up of the level may have a considerable effect on its Moseley 
diagram. The other M levels and also h levels are likely to be affected by the 
addition of Ml V, V electrons. This shell is believed to be responsible for ferro- 
inaguetisni. 

In order to determine whether the M levels and the abnormally separated Lii 
and Till levels are dependent upon the ferromagnetic conditions of the elements, 
Chalklin ^ investigated the L, spectra of iron, cobalt, nickel and copper with a 
plane grating vacuum spectrograph, and found that the values of the energy 
levels of the three ferromagnetic elements at lemperatures above the Curie 
point as well as at normal temperatures are independent of the magnetic state of ■ 
the elements. 

Sometime ago, Richard Hamer and the writer * obtained the T spectra of iron 
by the method of critical potentials, when the element was at This 

temperature is considerably above the Curie point of 774°C and if the L, and M 
levels were dependent tyion the ferromagnetic condition of the. element, o 1 1 results 
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would differ w’idely from those obtained by a similar method and with anti- 
cathodes below the Curie point as used by Thomas and others. It has been 
therefore thought that it w^mld be of interest to describe these results fully hex'C 
and compare them with those of Thomas for iron. In case of close agreenient 
they should give an independent check on Chalklin’s conclusion. 

DESCRIPTION OP APPARATUS. 

The apparatus (figure 3I consisted of a quartz tube T, 17/16 inches in 
diameter, with 1/8 inch walls and 34 inches long. It enclosed two metal 
electrodes consisting of a central rod R, 5/16 inch in diameter and 39 inches long, 
and a concentric cylinderical tube t, 7/S inch in diameter, with 1/8 inch walls and 
a length of 6 inches. The quartz lube was carefully sealed ixito a glass head, H, 
by means of a hard grade DeKhotinsky cement and the joint was kept cool by 
water circulation. The glass head consisted of a tube with three out-lets; one to 
the vacuum system, one to a ground glass joint with a tungsten seal, which 
permitted electrical connections to be made to the suspended rod, and one which 
allow'ed connection, by means of the thin rod R' to the metal tube, 1 . The central 
rod was connected to the tungsten lead wire by mean.s of a collar C, and could be 
raised or lowered to meet requirements. The electrodes, the rod as anti-cathode 
and the metal tube as cathode, were very carefully centralized and precautions 
against short circuiting were taken. 



Figure 3. 

Schematic diagram of the measuring circuit and section of the quartz tube abowing 
arrangement of metal electrodes. 
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The vacuum was obtained by means of a mercury diffusion pump backed by 
a hyvac oil pump. Between the mercury pump and the quarfz tube were a 
liquid air trap and an electric discharge tube, and between the oil pump and the 
mercury pump were an air drying system and a manometer. The liquid air trap 
rendered the concentration of any vapor inappreciable. The electric discharge 
tube was used to estimate the degree of evacuation. The pressure was estimated 
to be lo”*' mm. of mercury before the readings were taken. Whenever it was 
necessary to let air in the vacuum system it was passed through the air drying 
system. 

As the electrodes were connected to the double throw reversing switch it was 
possible to reverse the polarity easily. It was also arranged to earth either one 
of them, which eliminated the possibilities of electrostatic disturbances from 
the outside. 

A potential difference of a desired value between the anti-cathoqe and the 
cathode was supplied by storage batteries and was adjusted by a potentiometer 
method. It was so arranged that nine or ten equal steps could be taken within 
any desired range of voltage, such as, o-i, i-io, 10-20, and so on. Th^ current 
in the potentiometer system was read in the beginning and checked at tl\eend of 
each series of ten equal steps. 

The current determinations were made with a sensitive suspended coil type 
galvanometer, arranged with resistance in jjarallcl and in scries. These resistances 
could be so arranged as to give any desired current sensitivity. This was usually 
arranged so that the maximum current would give a full scale reading. Readings 
were also taken with a standard Jewell Milliammeter (range o tp 3 milliahiperes) 
on which the current could be estimated to o’ooi milliampcre. 

The tube was heated externally by a nichroiiie wire electric furnace. To 
insure a constant temperature a steady current was maintained and read with an 
ammeter. The temperature was determined by means of an optical pyrometer. 

EXP E R 1 M E N T A E P R O C E D V R E. 

For each set of observations the tube was baked at a temperature of 800 to 
850^0 for several hours. At the conclusion of this baking out process, while at 
red heat, the electrodes were bombarded with electrons and thus practically freed 
from the occluded gases. Then the current potential curves for the desired range 
of voltage were obtained. ~ 

Changes in potential were made in practically equal or alternately large 
or small steps and the corresponding changes in the thermionic current 
were read. The potentiometer arrangement permitted either ig large equal 
steps, or 10 large* equal steps and ten smaller equal steps, each being equal 
to one- tenth of the larger. This enabled observations to be taken for 
plotting the main total current potential curves, when one used the larger steps 
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only. The use of the smaller steps enabled one to determine the change in the 
current for a small differential potential at intervals of a larger step. The proce- 
dure gave data for curves which indicated quite definitely the changes of slope as 
the potential difference was changed up or down. It was learned by experiment 
that these actually observed differentials gave results in good agreement with 
those computed from the larger steps. This scheme was devised for the express 
purpose of settling any doubts as to the reality of changes of slope or breaks in 
the main total current potential curves which the latter indicated as taking place 
at the critical potentials. 

As expected it was found that Ijetter results could be obtained with rod 
positive and the metal tube negative. It w'as possible to get sufficient electrons 
from the tube when it was heated to a temperature which should have caused little 
evaporation of the metal . However, after each .set of readings, which usually 
required that the rod and tube be kept heated ten to twelve hours, a slight de- 
crease in the sharpness of breaks without a change in the positions was noticed. 
This effect was found to be due to a slight deposit of evaporated metal and when 
the rod was freshly polished, once more the original sharp breaks in the curves 
were obtained. 


RRSUbTvS. 

The critical potentials of iron was investigated up to 132 volts. Typical 
current potential curves are shown in figures (a) and .1 (b). The values of voltage 



Voltage — volts. 

Figurb 4 (o). 

Critical potentials of iron in the range 8 to 10 volts. 
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and thermionic current were carefully plotted, using voltage as abscissa and gal- 
vanometer deflections or niilliammeter readings as ordinates. All curves of vari- 
ous sets of observations were then examined for marked changes of slope and for 
breaks, and the values of the potentials corresponding to the points of maximum 
change of inflection in each curve were then classified and tabulated, placing all 
breaks, that seem to correspond most closely together in the same column. 
These values were then averaged and considered to be the experimentally deter- 
mined critical potentials. 

In the first column of table I are given our values of the critical potentials 
of iron above the Curie point and in the second column arc those of Thomas for 
the same element below the Curie point. 



Figure 4 (6). 

Critical potentials of iron in the range 8.1 to no volts. 


Table I. 

Critical Potentials for Iron above and below the Cuiie Point. 


Hamer and Sidhu. Volts. 


Thomas. Volts. 


7‘i5 

IT‘2 




' 7'3 

ii'i 

14 I 
i6'5 


141 
16 3 

194 


19-4 
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Tabi,e I (contd.). 

Critical Potentials for Iron above and below the Curie Point. 


Hamer and Sidhu. Volts. 

Thomas. Volts. 

24’5 

24 '3 

29-0 

28-8 

33 '9 

34 ’3 

38-8 

37'.S 


/\ 1’2 

457 

— 

484 

48-0 

5 i '4 

51 '3 

54 '8 

.S 4'6 

61 '6 

02*1) 

— 

67 ’6 

72 7 

— 

— 

75 ‘3 

— 

82-7 

89'6 

— 

103*1 

q4*8 


1035 

jti“6 

T12 2 

12s 8 

125 7 


At these potentials inelastic collisions occur between the bombardinj. electrons 
and the atoms of the element and characteristic radiations of the extremely ultra- 
violet and soft x-ray type, involving M and L energy levels, are emitted. 


D I S C TT S S I O N. 

view of a largo number of crittal potentials in the range of voltage 
reported here, the agreement in table I is apparently good. ( )ur 7- 7 J 

are possibly average eBects eo.es.mnding .0 his 67-6 am, ^ 5'5 - 
respectively. Except 45 - 7 , which he did not obseiv , 
the experimental error. 
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Both investigations were made with unoxidized and un-contaminated anti- 
cathodes of ironj below the Curie point by Thomas and above 
the Curie point by ourselves. Great pains were taken to make measurements 
in very small voltage intervals to determine definitely, if critical potentials really 
existed in the above region, and their values ; and also to decide if the breaks or 
changes of slope in the main curve were really associated with these critical 
potentials. 

We find like Compton and Thomas,^ Richardson and Chalklin,*’ Horton 
etal.^ and others, that the breaks or changes of .slope in the main curves are 
really associated with these critical potentials, which are actually characteristic 
of the metal target and not accidental. The critical potentials ascribed to the 
T series especially, as shown by Thomas,® fit very well in the Moseley diagram 
and are definitely associated with x-ray terms of the series. 

It is quite apparent from the close agreement in table I, that critical poten- 
tials involving T and M energy levels of the atoms of iron arc independent of 
the magnetic state of the element, lienee the anomalies of L and M level 
diagrams do not appear to be, as concluded by Chalklin, the result of the magnetic 
phenomena. \ 

I wish to express my sincere thanks to Dr. Richard Hamer, at whose 
suggestion this work was undertaken, for his encouragement and ever ready 
assistance during the course of the investigation. lam grateful for having had 
the opportunity to discuss this paper with Dr. P. H. Dowling and Professor A G. 
Worthing. 
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Pittsburoh, Pennsyivania, 
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THE BAND SPECTRUM OF GALLIUM OXIDE 
AND ISOTOPE EFFECT OF GALLIUM 

By M. K. sen, M.Sc. 

Chose Research Scholar in Applied Physics. 

{l^cceivcd fnr piihlicalioii, September 19.36 ) 

ABSTRACT.— 1 ‘Voni nieasurc^Tiieiiis on plates taken with inodeiate dispersion prism 
specirographs of large light gathering power, a luiinlKT of new bands have Iieen added to the 
existing data. The vibrational analysis given bv CUiernsey is on the main confirmed and 
extended to r'-i4 and but the double lieads, which she attributed to Rj and Ro 

brandies, arc found to be definitely due to the isotopic molecules, and Ga^b). This has 

been confirmed also from the author’s own platCvS whereve r possible. 


T N T R O P U C T 1 0 N. 

The band spectrum of gallium oxide reveals many features of considerable 
interest. Apart from exhibiting the presence of gallium isotopes, it is one of 
those few spectra in which convergence points with tail bands have been observed 
in several of its sequences. It is found from available literature that a .small part 
of this spectrum was first observed by Browning and 1 Tiller ' in the gallium arc 
ill air in 1916. They published the ineasureracnts of only six bands photographed 
under low dispersion and suggested the oxide of gallium as their iirobable emitter. 
Until 1934, no further progress in the study of these bands was made. 

Since then, two publications dealing mainly with the vibrational struetuie 
analysis of the spectrum have appeared. The first of these is a short note pub- 
lished by Miescher and Wchrli."^ While investigating the spectra of gallium 
halides, these authors noticed the above mentioned type of bands in an oxy- 
hydrogen flame fed with metallic gallium. On plates taken with a small quaitz 
prism spectrograph for preliminary observations, they measured only eighteen 
bands in the region A 3580 -A 4130 and analysed their vibrational structure, 
indicating the positions of convergence limits in some of the sequences and 
assigning the band system to a transition of the diatomic molecule. GaO. 

Thesecoudpaper is that of Guernsey,''’ who photographed the spectrum under 
high dispersion of a 21 ft. grating, using for light source, a copper arc with 
gallium metal in its lower electrode and running in air at low current density. 
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She measured thirty-six bands in the region A. 3490 — A 4130 and her more com- 
plete data than those of Miescher and Wehrli showed that the vibrational analysis 
of the bands given by these latter authors were but partially correct. She dis- 
cussed further on the positions of convergence limits and their influence on the 
appearance of the different sequences in the band system. In addition to these 
features Guernsey found double heads, almost of the same intensity, in the case 
of the stronger bands and attributed them to be the heads of Ri and R2 branches 
due to spin doubling in the states involved in the transition . She did not 
analyse the structure of the bands and as such) her identification of the double 
heads may be deemed questionable. In fact the variation of their interval in the 
different sequences appears somewhat unusual to satisfy this assumption. 

None of these authors has, however, mentioned of an isotope effect, which 
might reasonably be expected in the band spectrum of such a molecule as GaO, 
in which the gallium atom has isotopes of masses 69 and 71 with a higih abundance 
ratio of 60 ; 40. It is quite likely that the double-heads which Guern^y observed 
under high dispersion may be due to the isotopic molecules, Ga '*”0 aitid Ga'^’O. 
It is also noticed that the wave-numbers of band-heads calculated from 'puernsey’s 
formula show a systematic divergence from her observed data with increasing 
v'— andv"— values and that the convergence limits, -D'Vonv., calculated from her 
band constants for the different sequences differ by one unit from what has been 
observed by her. There is also another interesting point which requires further 
elucidation. So far in spectra in which the existence of ” tail ” bands has been 
recorded, it is found that they degrade in a direction opposite to that of the 
“ main ” bands. This opposite nature in degradation has. not however been 
noticed by Guernsey in the spectrum. In view of these considerations, the 
present investigation was taken up. 

EXPERIMENTAL. 

For the source of light, a copper arc of the Pfund type running in air has 
been used. The electrodes are made from solid copper rods of 5 mm. diameter, the 
lower one { + ) being fitted with a cup of i cm. diameter to hold the gallium metal. 
The arc was operated from a 220-volt D. C. supply with a current as low as o’5 
amp., thereby avoiding the sputtering of the molten metal. A higher value of 
current oxidises the exposed metal surface very readily, which not only makes the 
arc unsteady but also develops a continuous background oil the plates. During an 
exposure it has been found necessary to introduce fresh metal from time to time 
into the cup for smooth running of the arc. 

The arc emits a violet light which is focussed on the slits of the spectro- 
graphs. With a Fuess glass prism spectrograph of large light gathering power 
specially suitable for the study of Raman effect, the bands lying on the longer 
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wave-length side of A3700 have been photographed. An exposure of only a few 
seconds is sufficient to get the bands well develoi>ed on the plates. A Hilgcr E. 

I quartz i^risni spectroj^raph lias also been used to get a general survey of the 
spectrum . In this case an exposure of about half-an-hour is necessary to secure 
good spectrograms. 

Measurements of band lieads have been done from both sets of jilatcs with 
the help of a (^aertner precision comparator using iron arc lines as standards of 
reference and setting the cross-wire on the shorter wave-length edge of each band. 
The Fuess spectrograph has a dispersion varying from about 7’5 A* IT. per mm. 
at A3700 to nearly 15 A. U. per mm. at A4300 wlillc for the Ililger K. I spectro- 
graph, it varies from 7*2 A. U. per mm. at A3400 to 15 A. (T. per mm. at A4300. 
vSeveral plates have been measured. The \vave-length value given in this paper 
for a band head is the mean of several such measurements, which do not differ 
from one another by more than ±o‘2 A. V. in any case. In the case of well 
defined band heads, the agreement is, however, belter. In table I, the wave- 
lengths of all the band heads measured in the present investigation together with 
their wave-numbers in vacuo are included. A visual estimates of their relative 
intensities without taking into account the pJiolograi>hic sensitivity of the plates 
in the different regions are also given. 


Table I. 

Data of band heads. 


\ in air 


\ in air 


and 

1 / 

and 

V 

intensity. 

(in vacuo) 

intensity. 

(in vacuo) 

3402 - 93 'oo) 

29378-04 

3497-21(0) 

28635-20 

3406-36(0) 

29348-46 

3492-22(0) 

28626-92 

3409-28(0) 

29323'32 

3493-26(1) I 

28618*40 

3411-54(1) 

29303 90 

3494-07(1) 

28611-77 

3413-25(1) 

29289-13 

3494-76(1) 

28606-11 

3414-63^0) 

39277-38 

3495-53(1) 

28599-81 

3415-32(0) 

29271-47 

3496-21(2) 

28594-25 

3415-67(0) 

29268-47 

3572-52(00) 

oc 

% 

3488-49(0) 

28657-53 

3575-54(1) 

27959-85 
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Taki.k I iconid.). 
Data of band beads. 


A in air 


A in air 


and 

V 

and 

V 

intensity. 

(in vacuo) 

intensity. 

(in vacuo) 

3576-28(0) 

27954-07 

3776-99(4) 

26468*62 

3577-01(1) 

27948-36 

3778-21(10) 

26460-07 

3577 - 7 'l(i) 

27942-66 

3778-85(10) 

26455-59 

3578-22(1) 

27938-91 

3840-93(1) 

26028-00 

3579 ‘i 9 (i) 

27931*34 

3848-40(1) 

25976-81 

3580-18(1) 

27923-63 

.385,S-S1 (3) 

^5929.58 

3581-08(1) 

27916-60 

3861-83(31 

*5887-15 

3581-84(2) 

27910*68 

3867-51(3) 

21840-13 

3582-39(2) 

27906-39 

3872-53(2) 

25^15-62 

3582-91(3) 

27902-34 

3876-91(2) 

257^6-46 

3659-16(0) 

27320-92 

3880-63(1) 

25761-74 

3663-27(1) 

27290.26 

3883-58(0) 

25742-17 

3663-86(1) 

27285-88 

3886-05(2) 

25725-81 

3667-03(2) 

27262-29 

3887-80(4) 

25714-23 

3667-62(2) 

27257-90 

3888-88(10) 

2570^-09 

3670-20(3) 

27238-74 

3923-60(0) 

25479-61 

3670-82(3) 

27234-14 

3933-64(1) 

1 25414-58 

3672-78(3) 

27219-61 

3943 - 39 ' 2 ) 

2.S351-74 

3674-28(5) 

27208-50 

3952-45(6) 

2529.3-63 

3674 -83 (^I) 

27204-43 

3960-90(7) 

25239-67 

3675-84(6) 

27196-95 

3968-67(8) 

25190-26 

3676-84(7) 

27189-55 

.3975-78(8) 

25145-22 

3677 ’ 33 ( 7 ) 

27185-93 

3982-20(8) 

25104-67 

3756-29(0) 

26614-48 

3987-93(9) 

25068.60 

3761-37(1) 

26578-53 

3993-05(9) 

25036-45 

3765-78(1) 

26547-40 

3997-78(9) 

25006-84 

3769-49(2) 

26521-28 

4001-37(9) 

24984-41 

3772-62(3) * 

26499-2S 

4004-37(9) 

24965-69 

3775-36(4) 

26481 -45 

4006-36(8) 

24953 ‘29 
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TABtI5 I {C07ltd.). 

Data of band heads. 


A in air 
and 

intensity. 

(in vacuo). 

A in air 
anti 

intensity. 

(in vacuo). 

<1063-15(0) 

34604-52 

4128-84(3) 

24213-07 

<1073-13(1) 

2 ^ 54^-24 

4215-31(0) 

23716-95 

4083-71(1) 

24^86-65 

4225-10(0) 

23661-44 

4091-36(3) 

24434-88 

423411(1) 

23611-09 

4099-40(4) 

24386-96 

4235-11(1) 

23605-51 

4106-64(5) 

24343 '96 

4242-30(0) 

23565-51 

<1113 '43 (5) 

24303-78 

4250-01 (0) 

23522-76 

4 ii 9 ' 43 ( 5 ) 

24268-38 



4134.43(4) 

24338.96 




DKvSCRlPTTON OF TIIF SPECTRUM. 

The si^ectrum shows nine well-defined band sequences lying* in thti region 
A 3/) 00 — 300. The two outorniost ones arc discernible only on heavily exposed 
plates while the others are fairly strong even under very short exposures. A 
part of the spectrum is rci)roduced in figure 1. Excepting a few, the bands in 
general, look like broad atomic lines although the previous investigators have 
definitely ascribed them to be degraded to the red. A few of the band-heads 
api^ear double, presumably due to the presence of gallium isotopes. 

The sequences, — i and —2 at A4006, and A4129 respectively present 

a peculiar structure as they appear to diverge to the violet immediately after the 
first head. Although the same phenomenon occurs with the o — sequence at 
A3889, its appearance is not so striking probably owing to the close x^i'oximity of 
(o, o) and (i, i) bands. The intensity variation of the bands in this sequence is 
ai)i 3 arently anomalous. It falls off raj^idiy from a high value for the (o, o) band 
to nearly zero for (4, 4) and then rises to moderately low values for the remaining 
bands of the sequence. The other sequences, notably, + i, +2, +3 and 

+ 4 degrade first in the direction of degradation of the ** main ’* bands which 
close up to a convergence point and then opening out, turn back over the first 
members and extend very far. Such convergence points and tail bands have 
been found in the negative band system of in Ihe violet bands of CN and in 
a much over-exposed plate of the +1 sequence of the CaF system. In each 
case the main bands are degraded to the ultia-violet and the tail bands 
to the red. In the present spectrum, wherever discernible, the degradation of the 
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prominent " main ” bands especially of low v' — values, is towards the red but it 
is difficult to arrive at any definite conclusion regarding the shading of the “ tail” 
bands uuder the dispersion used. 

INTERPRETATION OP THE VIBRATIONAE STRUCTURE. 

It is well known that the band-origins of an electronic band system are 
represented by 

i'=v, + [cll',(^)'-t-^) — + ...] 

— + + + + ...], ... (i) 

where v, is the system-origin ; «!,, the frequency (reduced to cm."’) of vibrations 
of infinitesimal amplitude about the equilibrium position; Xe, ye,... small constants 
which take into account the fact that the vibrations of the neuclei are anharinonic 
and V is the vibration quantum number. The super.scripts ( ' ) and ( " \ represent 
respectively the upper and lower states of the band system. In few ciscs, it is 
necessary to go beyond the coefficient y,<rt, which is itself very small in compari- 
son to 

From equation (i), one finds that the interval between the origins of two 
consecutive bands of a sequence is given by 

1^0 ”^'0 

= (<!)', — 0)" — 2{x' ffo' tV' — x" e’v'') 

= {{!)' f —to" t) — 2v'{x' e r)~ 2(v' — v")x" e<ii" e, ... ( 2 ) 

This interval, therefore, decreases gradually in magnitude if when 
is also ^ x",tJ\. If this condition is not satisfied it 
increases with increasing r'— and v"— values. Considering only the first term, 

(l)', v") 

one finds further that vq ;> ’'o according as w', ^ In 

other words, the bands of a sequence tend to proceed towards the ultra- 
violet or the infra-red according as the bands themselves degrade to the ultra- 
violet or to the infra-red. This does not, however, include the case of a baud 
system in which | is small but \ x' e~ x " | is relatively 

large. In such a case the successive band-origins along a sequence not only lie 
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close to one another but also their interval decreases gradually with increasing 
- values vanishing at a certain value of v' given by 




conv. 





( 3 ) 


After this convergence point is reached, it increases with changed sign. 
Hence in a given sequence if this convergence occurs at a low value of 
and if bands of higher t'- values are present, one may expect the 
consecutive band-origins to close up gradually to a convergence point and then 
to open out and turn back over the bands with lower values. The bands 
proceeding towai ds the convergence point are called the ' 'main 'Mxinds while 
those returning from it as the “tail" bands. It can be furtlier seen from equa- 
tion (3) that the lowest values of r^'conv. will occur in the sequences for which 
— has the same sign as — but has a larger magnitude. 

Ill the band system under consideration, since the wave-numbers data of 
band-origins arc not available, wc can evaluate the approximate values of the 
constants x,/ w,/ and from those of their band-heads, whose 

X?', 7;" — values are included in table II. 'I'he equation representing their wave- 
numbers is given as 


v= 25704*01 -t [762*70 ('z^' + i)-3-58 

- [764*51 l)-S ‘79 + ... (4) 

for the more abundant molecule, Ga^'^O. It is thus evident that for the band 
system, 1 — I is surprisingly vSmall while — Xr" w/M is rela- 

tively large. One may therefore expect that in some of its sequences the pheno- 
mena of band convergence would be exhibited. It is in fact found that in the 
more prominent positive sequences, viz., Av= + i, + 2, + 3 and + 4 convergences 
occur at 'i’^=3, 6, 8 and ii respectively. On the other hand, r^'conv. is less than 
unity in the zero sequence so that (o, o) and (i, i) bands practically coincide 
with each other. In the more prominent negative sequences, viz., Av==^ --i 
and “2, the value of ' t'couv. is less than zero, so that the bands therein diverge 
immediately after the first member and are in fact identical with the so-called 
“tail" bands of the positive sequences. 

It has. been mentioned before that in the band system, in which this 
phenomenon has been observed, the tail bands are degraded in a direction 
opposite to that of the main bands. In the present case, this feature is not 
discernible. It is however noticed that a few^ of the main bands are definitely 
degraded to the red, so that they havcB/<B/'. One may therefore expect 
that because B f/ ““ B is negative and very small, B,/-“B,/^ would 
increase from small negative values through zero to positive values ^s v^ and 

5 
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increase along the sequence- Hence the tail bands of higher v\ t"— values 
should be degraded to the ultra-violet. But B/ and B,/' may undergo such 
alterations that their difference is negligibly small for most of the bands in 
each of these sequences and consequently they appear like broad atomic lines 
without showing any definite degradation in any direction. Further discussion 
on this point is, however, reserved till high dispersion spectrograms are 
available. 


Table II. 

Assignment of Quantum Numbers. 


v\ V" 

Ga 690 


1 

1 

o-c. 

(obs.) 

o-c 

(obs.) 








6, I 

29378-04 

0-58 




7, 2 

348-46 

-0-23 




8, 3 

323-32 

— 1-02 




9 , 4 

303*90 

-0-51 




10 , 5 

289-13 

0-23 




n, 6 

277-38 

- 0-43 




12, 7 

271-47 

0'33 




13 . 8 

268-47 

-0-42 




5 . 1 

28657-53 

—0-19 




6, 2 

635-20 

-0*91 

28626*92 


-1-28 

7 , 3 

618-40 

-0-52 ' 

61177 


0-71 

8,4 

6o6-ii 

—0*04 




*2. 8 1 

599-81 

0.54 




( 9 . 5 ) 1 






II. 7 ') 

594-25 

— oil 




(10. 6) 5 



- 



I 4 .li 

27983-48 

-174 




13.10 

959-85 

-0-04 

27954-07 


0-19 

3 . 0 

948-36 

“ 1-33 

94 2 *66 


-097 

12, 9 

938-91 

—007 
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Tawji: II (contd.). 

Assignment of Quantum Numbers. 



Ga<!9() 



Go”() 



1 (obs.) j 

o-c 

1 

(obs.) 

1 

O-C 
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Table II (contd.). 
Assignment of Quantum Numbers. 
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Tabi.k II iconid.). 

Assignment of Quantum Numbers. 



(iaMQ 

Cid'O 



V 

(obs.) 

0-C 

1 V j 

1 (obs.) ' 

1 

o-c. 

0 . 1 



:i 4953 ‘ 2 g 

-0*36 

9, II 



6o/}-s.; 

o‘i6 

8 , 10 



544 '34 

0'86 

7 . 9 



.1S6'65 

— 0 16 

6 , 8 



4 j 4’88 

023 

5 , 7 



386 ■()t) 

1 o'o6 

4, 6 



343'96 

040 

3, 5 



303 

00 

b 

1 

2, 4 



268’ 38 

“T‘73 

3 



23896 

- 1 ’04 

0, 2 



2i3'o7 

-I ‘23 




237 i 6'93 

o“io 

4 , 7 



661 ‘44 

—0*50 

3 i 6 

3360551 

-0*30 

61109 

" 0*39 

2, 5 



565'.S1 

o'lo 

1,4 




-0 99 


THE G A L Iv I U M I S O T O T E E 1' F C T. 

It is well known that botli the constituents of the emitter of the band 
spectrum in question have a number of isotopes. According to Aston s* mass- 
spectrographic determinations, the gallium atom has two isotoi)es of nia.sses 69 
and 71 with an abundance ratio of 60 : 40. In view of such a high abundance 
ratio, one may reasonably expect that this spectrum would exhibit the presence 
of the two isotopic molecules, Oa''*’0 and Ga’ ’( ). 

We know from the theory of the isotope effect in band spectra that m the 
combined spectrum of a mixture of two isotopic molecules, the bands of the 
less abundant molecule, although similar in structure, are weaker in intensi^ 
and displaced from those of the more abundant one. The main features of the 
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vibrational isotopic displacement in a band-system are that it would be constant 
for all the lines in a given band but would increase from band to band almost 
linearly with the interval of the band-origin (or head) from the system-origin. It 
is only at the system-origin that the displacement would be zero. If the more 
abundant isotope is the lighter, the displacement is negative for a band on the 
high-frequency side of the system-origin and positive for one on the low-frequency 
side. In other words, each band of the lighter molecule is further from the 
system-origin than the correvSponding band of the heavier isotope. The funda- 
mental correctness of the theory of the vibrational isotope effect in band spectra 
has been amply verified. According to this theory, the vibrational terms of 
the two isotopic molecules may be represented by the following equations : — 

Ga^’^0 1 = ('y “1“^)— + + 4)^ ; ”■ ( 5 ^) 

Ga^^O : G‘('y) = a)^. + + + + + 

\ 

in which p is the ratio of the reduced masses p/p*. The superscript ' refers 
to quantities pertaining to the less abundant molecule, Ga’’ O, in this case. 

One of the methods of ascertaining the existence of the isotopic molecules 
in a given band system is then to verify the following relationship, viz., 


(O. 


= P = 


from the observed values of id,, and coj. 

Taking M = 6q, M‘ = 7i and Mi = i6, 

we have 

A /^qx 16x87 
P= Vp/p‘ = ^85x71X16 

= 0*9973. 


' ... ( 6 ) 


iy) 


It is therefore of interest to find out if this value of p can be derived from 
the band head data of the observed spectrum. 

Confirmation 0} isotope effect with Guernsey’s data : — It has been noted 
in a previous section that Guernsey observed double beads, almost of the same 
intensity, for most of the bands on her high dispersion plates. She attributed 
them to the Ri and R2 branch-heads due to the presence of spin-doubling . Her 
assignment may be correct owing to the fact that in the band system under 
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consideration, since | u,' — | is very small, the heads are formed by rota- 
tional lines of high K-values at which the separation of the spiii donhlcts may 
be appreciable in magnitude. But in the absence t)f a siructure analysis of 
the bands, one is left with the alternative of assigning the double heads to the 
isotopic molecules, Ga*’’’ O and Ga’ ' O. It is therefore of interest to examine 
if this alternative interpretation is justified. 

In the present case since the more abundant molecule, Ga'’”0, is the lighter 
of the two, one may identify the low frequency components of the double 
headed bands on the shorter wave-length side of the systcm*(u igin and the 
high frequency components of those on its longer wave-lenglh side as due to 
the heavier isotopic molecule, Ga'^^0. In accordance with this identification, 
the band head data of Guernsey are arranged in tal)le III. Including each set 
in a Deslandres’ scheme, the following results have been obtained : — 

Ga'’'*0 

•'»<'= 762-453 cm“' 
a)/'= 767-585 cm"' I 

Ga^'O 

wl'= 760*578 cm" ' 

765*293 cm 

It is thus found from the w, values in the upper state of the baud .system 

that 



^769*578 
762 '452 

= 0*9975 ^ 8 ®) 

while from the «», values in the lower state, we have 



7_6S_'19.3 

767'585 

= o’997o. (86) 


It is easily seen that the value of p vvalnated from tha data ol ^.-valuas 
lor each state of the hand systan, is iu excdlent asreemmt mtli that cak-nlaM 

fren the reduced masses of tl,e two isotopic molecules. Th.s proves dcSurtely 
hat the double heads which Gucnisey has measured under h.gh d.spcr.s.on arc 
but the isotopic heads and not due to spinklouhlins as suggested by her. 
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Table III. 

Guernsey’s wave-number data of band heads with her ‘i;',i;"-valttes but 
with new interpretations. 


v', d" 

Ga«C). 

Ga^lO 

v\ v" 

Ga« 9 G 

Ga ”0 

0, 2 

24208*20 

242 1 1 ‘8/1 

II, T 2 


— 

3 

233'64 

236-94 

0. 0 

704 '51 


2, 4 

262 95 

266*38 

0 1 

711-48 

25709*20 

3 . 5 

299*18 

301 *62 

2 , 1 

26454*09 

I 26451-85 

4 i ^ 

339-22 

343 '08 

I, 0 

460*10 

i 

\ 457-9A 

5 i 7 

384-16 

387‘31 

5 » 4 ' 

467’43 

\ 465-12 

6.8 

436-97 

— 

6, 5 

482*01 

480*05 

C), 1 

949*99 

95095 

7, 6 

501 18 

498-72 

1, 2 

963*00 

965-10 

8, 7 

524'24 

— 

2 , 3 

981*41 

983*09 

5 . 3 

27185-49 

27183-64 

3 , 4 

25004*21 

25006*15 

4, 2 

189*92 

187 85 

4 , 5 

033*01 

034*64 

3 , I 

197*06 

192*96 

5, 6 

064*14 

067*18 

2, 0 

209^16 

204*94 

6, 7 

100*70 

103*98 

9 , 7 

219*17 


7 , 8 

i 45’47 

— 

6, 3 ( 7 ) 

899 '22 

— 

8,9 

18775 

— 

10, 7 ( ?) 

90795 

904 46 

9, lo 

235 ’40 

— 

5 . 2 ( ?) 

91570 

— 

10, 11 

292*29 


7 , 3 (?) 

28605*80 

— 


Confirmation with new data : — Under the dispersion used in the present 
investigation, only a few of the bands belonging to the positive sequences of the 
band system show double heads, whose low frequency components have been 
attributed to the heavier isotopic molecule, Oa^H). On the other hand, since 
only the violet edge of the band heads have been measured in cases where they 
appear single, one may reasonably assume that when they lie on the shorter wave- 
length side of the , system-origin they belong to the more abundant molecule 
Ga*^“0, while those on its longer wave-length side to the less abundant molecule, 
Ga’^O. 
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Ga”0 


’’ - 25704-91+ [76 o ’64 (1)' + ^)- 3. ,570 („/+ j)2] 
-1.762 '45 (y/ + i) -5-773 + 


(9) 


sysic-m (4) and (g), it is found that in the upper state of the baud 

= yt^'yo cm"* ) 
and wj' — 76 o' 6/| cm“* j 
so that p = 

762 70 


= o’oq 73 


while in the lower stale 

and 


( I OfO 


w/' — 764 ’51 cm 
w,V' — 762 45 cm"* j 




p ^ 


rrr 76 2^45 
764'5T 


c 9973- ... (106) 

Hence the value of p calculated from the present new data is a^^ain in confor- 
mity u'ilh the ratio of the reduced masses of the isotopic molecules, Ga^’‘^() and 
Ga^*0, and thereby proves definitely their presence in the spectrum. 


T H ic IN 'r n: n s t t y u i b t r i n v r t n n. 

The intensities of the band heads have been estimated visually on a scale of 
JO for the strongest to 00 for the weakest and are included in parenthesis in 
column I of table I. Tt is well known that the smaller the difference betw^een 
and to,/', the narrower is the Condon parabola, whose two limbs in the extreme 
case when to/ = oj/', merge into a straight line. In the band system under 
consideration, since | to,. — to^" | is very small, a very narrow Condon jiarabola 
would be expected. This means that in a given T;"-progression, there should be 
two intensity maxima very close together. In such a case, the potential energy 
curves of the two states are almost of the same shape and the values of the equili- 
brium nuclear separation, r,,, nearly equal. From the empirical relation, = 

constant, this seems to be the case since to,.'s differ but little from one another. 
The Av =■ o sequence is also expected to extend very far as has been actually 
found from the new data, 

6 



444 


M. K. Sen 


ENERGY OF DISSOCIATION AND THE NATURE OF 
DISSOCIATION products. 

Assuming the extrapolation of the vibrational energy to the dissociation 
limit to be linear, it is possible to calculate the energy of dissociation, D, of Cla( ) 
in a given electronic state from the relation : 

D , volts. ... (n) 

4:a;,. fii,. X 8 to6 

It is found that D' and D" are 4*96 and 3*07 volts respectively, showing 
thereby that the dissociation energy of the molecule increases on excitation. 
This may be due either to the removal of an old electron representing a free 
valency or to an increase in the number of electron pairs giving rise tp an increase 
in the number of chemical bonds as has been suggested by Eessheim land SamiieP 
in similar cases. Which of these is operative in the present case, can be ascer- 
tained from a consideration of the nature of the dissociation products in the two 
states of the molecule. This can be done by calculating Tutom from uie follow- 
ing relation ; \ 

IVinol ^ IVoioni 

i.e.y Haiom “ Hiraol "1“ 

From the observed wave-number data of (o,o) band, Krno\ ==317 volts, so 
that Eatorn “ 5‘o6 VoltS. 

If we assume that the normal state of the molecule corresponding to the 
lower state of the baud system is formed from an unexcited (la-atom in 
‘■^P) state, and an unexcited O-atom in ’’P) state the resulting molecular 

term is a in agreement with the experimental result. Assuming further that 
in tlie excited state of the molecule, only the gallium atom is excited, we are then 
to select out a probable excited state of this atom such that the above value of 
Eui,om represents the proper energy of transition from its normal ^P) 

state- Allowing for the error of extrapolation introduced in the calculated value 
of Eutom, it is found that there are a number of excited terms of the atom which 
give transition energy values in the neighbourhood of 5'o6 volts. The lowest of 
these terms, namely, (4s4p^, "^P), vSeenis to be the most probable one since it 
explains not only the increased dissociation energy in the excited state of the 
molecule owing to an increase in the number of electron pairs resulting in an 
additional p~p bond but also gives in combination with ()('T^), a molecular 
term, viz., corresponding to the upper state of the observed band 
system . 

In a recent paper Asundi and SamueP' have also arrived at the same con- 
clusion on the basis of (Guernsey’s data. 
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The results of the rotation^il structure analyvsis of the bauds along; with the 
study of the absorption spectrum of the molecule in question are reserved for 
future communications. 
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THE RAMAN SPECTRA AND THE LATENT HEAT OF 
FUSION OF NON-ASSOCIATED SUBSTANCES. 

By C. J. PHILLIPS, 

Physical Laboratory, Corning Glass Works. 

CORMNG, M. Y. 

{Received jor puhlicalum, Novciiibci to, /gjf).) 

ABSTRACT— The relationship 

tiiNlie _ijj (2 8.15) ; 

JMIv, '■ ML/ 

where m-i, N =-Avogadro’s nuuil>cr, li^riaiiek’s constnni, veloeitv of light, Joule's 
C'fiuivalciit, M-'- molecular weight, and L/ --lalcii( heat of fusion, i,s applied to tliirtv-eight 
organic and inorganic subslancCvS in the cr\slalline and lit|ii id stales. Tor ( ach substance a 
Rninaii shift can be found uhich is equal to the calculated frer]ucncv, both being expressed 
ill wave numbers. In all but five cases, the calculated Kaniaii shifts lie within the range 
350 cnrHo i 6 oo cni"^ although the molecular weights vary in fi 6 to 1 ratio and the latent 
heats of fusion in a 21 to 1 ratio. The relationship ajiparcntlv holds only for non 'associated 
substances. There arc remarkable similarities between tlie calculated values for various 
homologous compounds. 


L 


The idea of associating a fundamental or characteristic frciiucncy w'illi 
otlicr ])hysical properties of solids and liquids is by no means new. Thus, liins- 
teiii ^ suggested for solids that 


V 


2*54 ^ lO^ 



(i) 


while Lindeiiiann ® suggested that at tlic melting point T, of a solid the atoms 
vibrate with a frequency 


V = 2'So X 10^^ I 


Mvt 


{2) 


In equations (i) and (2), M represents the atomic or molecular weight (as the case 
may be), V the atomic or molecular volume, and O the coinpressil)ility. Perrin '■* 
has assumed that the internal latent heat of vaporization may be associated with 
frequency by the relation Ln— Nhv. 

Some time ago Preston remarked that L/, the latent heat of fusion, might 
be divided by N, Avogadro’s number, giving what he called the “latent energy of 
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solidificatiou per moleculci” If, then, 
is applied, so that 


Ly = Nhv = 


Nhc 
' A ’ 


the quantum relationship, e = h>’, 


(3) 


where h = Planck’s constant 

and c = velocity of light, 

a number of remarkable references can be drawn from this equation. Some of 
these Preston has already discussed. 


TI 


In view of these attempts to connect a frequency >' with the phy.sical i)ro- 
perties of solids and liquids, it appeared worth while to further investigate 
equation (3)' This investigation is entirely concerned with the utility of the 
concept which associates a fundamental frequency or wave-length I with tlie 
"latent heat of fusion per molecule,” and we do not attempt to exainiAe in detail 
the bases of this concept. \ 

In equation (3) L/ is neces.sarily expre.ssecl in ergs per gram molecule. It 
is much more convenient to express L/- in gram-calories per gram, and when this 
is done equation (3) can be rearranged in the form 


A calc. 


niNlic 

JMXr ’ 


(4) 


^2-^5111 

MLr 

« 

where hf = latent heat of fusion (gram-calories per gram) 

M = molecular weight 

J = Joule's equivalent 

N = Avogadro's number 

in = 1,2, 3 , - 

'I'lie integer m has been included for greater generality. 

(1) N on- Associated Liquids — Ly known. 

Since V and A iiresuinably are connected with the heat of fusion per mole- 
cule, equation (4) was applied, first, to non-associated organic liquids. It was 
at once apparent that v calc, did not agree with the values calculated from equa- 
tions (i) or (2). A surprising discovery was made, however : P'or each non- 

associated substance investigated a frequency shift-Av in the Raman spectrum 


could be found such that Av= v calc., both being expressed in wave numbers. 

These data are given in table I for fifteen organic compounds. In 
every case, m=i in equation (4). The molecular weights and heats of fusion 
are taken from th£ International Critical Tables ; the association factor “n” 
from Bingham and Spooner-'", and the Raman frequencies from a great number 
of sources. The association factor “n” is not used in the computations, but is 
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included simply to give an idea of the relative degree of association of the subs- 
tances investigated. For example, ii for water is '^'31, for formic acid, 2*05, 
and for methyl alchol 184, whereas for carbon tetrachloride it is t.oo-j - 09 and 
for benzene 1-32-1 -22. 

The agreement in table I between calc, and Av Raman . is much too 
close to be ascribed to chance. In fact, the agreement betw een the observed 
and the calculated Raman wave numbers is very good, and is even better than 
a casual inspection of table 1 would indicate. An analysis of the prol)ablc 
errors involved in determining R/, for all those su])stances given in the Inter- 
national Critical 'rabies, shows that on the avei age a probable error of :J i‘87% 
must be assigned to observed values of 1,/. 'I'liis value, combined with the 
much smaller errors in N, li, and c, shows that the inherent uncertainty of 
calculations l)ased n])on equation (4) is about :!:2 00%. Furthermore, an 
analysis of the evidence of eight observers who record individual values of the 
Raman frequencies for acetone, heptane, tetramethylmethanc', and w-ainyl 
chloride shows that, in general, differences of +5 w^ave numbers exist. vSince 
the data given in the tables are taken from a number of sources, this kind of un- 
certainty must be considered. At 200 0111“^ ii amounts to ±2-5%, and at 1500 

cin~^ to ±0-33% . At these liiails, agrecnicut between v calc, and Av Raman must 
be considered satisfactory if within about +/1 -5% and :l:2-33%, respectively. Of 
the fifteen substances listed in tabic T, leu are well within these limilSi whereas for 
the other five the greatest single discrepancy, over and above tbe expected errors is 

2-5% . As further proof that the agreement between Av and v is not 

accidental, a column marked “ Next Lines ” is included in table I. In many 
cases the lines next to those for which agreement is claimed arc several hundred 
wave numbers away, whereas the agreement between the observed and calculated 
values are in these same ca.ses within + 25 enr^ . Thus, for f’-xyleuc the agree- 
ment is good to 13 cm~\ whereas the next shorter and longer lines are removed 
2S/1 cin~' and i^ii cm"^, respectively. For diphcnylainine the agreenieiit is good 
to 21 enr^ and the next lines are removed 4220111"’ and 1461 cm"'. This is true 
in many other instances. 

Finally, consider the interval x between the Raman line for which agreement 
is claimed and the line next it. If we require that calculated and observed values 

differ by not more than onf-qM«r/er of this interval, we find only two exceptions 

in table I, and only six exceptions in the total of thirty-eight comiiounds. On 
the basis of pure chance, the calculated value would be expected to fall at random 
in the interval .v/2. 

(2) Fused and Crystalline Inorganic Substances— Lf known. 

Table II shows that equation (4), with m = i or 2, also holds for certain 
inorganic compounds. Again the agreement between Av uaman and v cair. is 
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very good. Eight of the twelve listed values are well within the limits of probable 
error ; of the other four, one (KNO^) exceeds these limits by 7*4%, while the 
other three disagree by 2*05%, 2-80% and 2’85^ . Only two of the seven known 
values lie outside the interval 

There are several noteworthy similarities between the calculated values for 

various homologous compounds listed in table II. The calculated v for seven of 
the eight nitrates listed lies between 940 cm""^ and 1073 cm“^, although the 
molecular weights vary from 69 to 236 and the latent heats of fusion from 18 to 
88*5. This is the more surprising when it is remembered that the nitrates give 
only three or four Raman lines. The only exception to this general constancy of 
shift is NaNO- and even in this case equation (4) leads to another one of the few 
observed frequency shifts, that at 1383-1393 cm“^. It will also he noted that 

TiCl^ and SnCl^ give almost identical values of j 

It is significant that several of the nitrates investigated arc known to be 
almost entirely dissociated in the fused state. This is true of both ^dium and 
jiotassium nitrate, as Prasad has shown. Furthermore, plots of log W/ against 
3 /T for lithium and silver nitrates show only the .slightest convexity toward the 
i/T axis. 

For Si02, Sosmaii states that the latent heat of fusion is probably 1-56 to 
1*63 kilogram-caloric per formula weight, or at least of this order of magnitude. 
If one assumes for E./ the somewhat lower value of 1*25 kg-cal /formula wt., 

^ rair, becoiiies 440 cm''\ whereas if L/ is i*6o, v raic. becomes 550 cm’E These 
values agree very closely with the broad band or scries of Iqies observed in the 
Raman spectrum from 440 to 510 cm“\ UvSing various glasses as well as crystalJine 
and amori)hous quart/.. These observations have been made by Gross and 
Romanova, ” Ilollaender and Williams, and Bhagavaiitam. The belief that 
these frequencies must essentially be due to SiGa is strengthened by the fact that 
they become stronger for high silica crown glasses and weaker for the flint 
glasses. 

(3) Non-Associated Organic TAquids — Lf esiwiatcd. 

The application of equation (4) to other non -associated organic liquids was 
handicapped by lack of knowledge of E/-, although the latent heat of vaporization, 
El , was often known. A comparison of Er and E/, when both are known, docs 
not offer much information as to what E/’ might be for other real liquids. 

Drucker ^ ^ has indicated, however, that for a theoretically ideal " liquid 
(presumably a completely unassociated liquid) the latent heat of vaporization tends 
to be four times the latent heat of cohesion B. Drucker also pointed out that B 
should involve bcTth the energy required for de-aggregation and for spatial 
orientation of the molecules. The latter was shown to be small, so that B can be 
considered very nearly equal to E/ and E/ to This hypothesis was checked 
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by substituting for Ly in equation (4) the v^aluc of Lp/ 4- The results are shown 
in table III. This is equivalent to making 7/^ = 4 in e(|uation (4). 

It is not intended that the same importance be attaclied to table III as to 
tables I and II, for the hypothesis that L/ tends to have a value equal to Lp/4 is 
open to severe criticism. Perliaps, like Hoyle’s law, we may assume that this 
relation holds in ideal cases, and that the general theory underlying it is valid. 
In any event, the agreement shown in table III again seems to be too good to be 
entirely accidental. Six of the eleven entries are within the probable error for the 

agreement between v ^air. and v K..iman. and of the other five the greatest individual 
discrepancy is 5-7% . The two greatest offenders are ?i-heptanc and ?? -octane. 
Only two of the ten values lie outside the interval .v/4. 


Ill 

The relationship expressed by equation (4) apparently does not hold for 
highly associated liquids ; at least, it does not hold when the usual formula weight 
is used for M. Calculations have been made for water (II.jO), formic acid 
(CIi20), n-butyric acid (C4PI8O2), niethyl alcohol (CH4O), ethyl alcohol 
(CaHfiO), amyl alcohol (C,-,Hi 2O). socliuin hydroxide (NaOH) and ammonia (NH^). 
In only two instances do the calculated and observed frequencies even appro- 
ximately agree. This is true no matter what value of misused. Furthermore 
onlyFr can be used in the equation. No agreement whatsoever is secured 
for six gases or eight liquids where U, rather than hf, is used ui equa- 
tion (4). In view of this it appears that the substance of this relationship 
can be expressed as follows ; For non-associalcJ substances (hqmd or sohd), a 
change in the vibrational states is possible such that the resultant energy c mngc 
is equal to an integral part of the "latent heat of fusion Per molecule. 

That is, 

hAv=AE=hvcaic. =JML//niN, 

where the v’s are now frequencies. 1 , , 

It must l« admitted that the above relatiouship seems veiy le on 

1 , • 1 .isovvrvr For while AF, above corresponds to the 

the basis of accepted physical theory believed to depend on quite 

difference between two vibrational levc ,/ Waal’s forces and 

other fields of force, such as the dipole attraction, Van der Waal s forces, 

the like. The frequencies involved seem too high to correspond directly to any 

of the vibrations of the molecules in the crystal lattice. 

Navcrtheless, wa believe ample ^ l,.„„ 

the agreements secured by usmg wuat. ,,<planation can lx, 

would be expected Itoiii P”' ' ' . jurther investigation will 

oBered here ^rartoble results obtained by using it, 

unearth a theoretical basis for the ren 
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Inorganic Substances. 
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Titanium tetrachloride 1 TiCl4 loo'oo | 11-85 39 ^ 3^2 145 | 112 28 14 j-, ; Liquid 



Non -Associated I^iquids — L/ Estimated. 
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I/imonene CioHje I 13615 ; low? j- 17.50 
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TECHNIQUE FOR MAKING SCHUMANN-PLATES. 

By P. N. KALIA, M Sr., 

Research Scholar, Physics Department, Government College, Lahore 

{Received for piiUkaiioii, Ociober 25, iyj6.) 

In our work v\'ith the vacuum spectrograph of this laboratory we have had 
considerable difficulties with the photographic plates imported from Europe. 
The plates by themselves may be of excellent quality but the long delay caused 
in using them on account of the time taken for transit, considerably reduces their 
efficiency. The lasting qualities of the plates are also impaired by the high 
temperature and great humidity prevalent in India. And therefore unless a 
regular supply of imported i)lates is maintained it is unsafe to spend labour and 
time over an exposure on undependable plates in a vacuum spectrograph adjusted 
after many difficulties. Our own view, based on several years’ ex])eriencc in this 
line is that the only satisfactory arrangement is to employ Schumann plates pre- 
pared in the laboratory. The procedure employed in their manufacture is 
essentially the same as that described by vSehumann but certain modifications and 
precautions become necessary due to Indian climate, in order to produce a really 
serviceable article. We arc giving the process here in detail to help other workers 
who may care to prepare them by themselves. 


PirOCCSS. 

It is desirable to set apart a room for making the plates, one which is as fi ee 
from dust as possible, and provided with at least one ruby light lantern. It is not 
t,afe to assume that the red light provided by an ordinary glass is quite suitable 
and it is therefore advisable to examine it with a direct vision spectroscope before 
using it Solutions of red dyes in water put in a glass jar and surrounding an 

electric lamp will be found to be very useful, since the strength of the dye is 
easily adjustable. It will be found convenient to cover the working table with 
japer as this provides a cleaner place than may otherwise be available. 
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Following solutions are made in two flasks : — 

Potassium Bromide ... ... ... q'o grams. 

A ■{ Gelatine* ... ... ... 45 grams. 

Distilled Water ... ... ... 60 c.c. 

( Silver Nitrate ... ... ii'2‘i errms 

B \ 

I Distilled Water ... ... ... 60 c.c. 

The gelatine swells up in about half an hour or less, after which the flasks 
are put in water at a temperature of 5o°-6o‘’ C. As soon as the gelatine 
dissolves completely, further operation must be carried out only in red light. 
Small quantities at a time of Solution B arc then poured in the flask contain- 
ing the vSolulion A and each time the flask is thoroughly shaken up, until 
the whole of B is poured out, and then a final shaking is administered. The 
flask is then immersed in a water-bath at 55°-6o‘’C, where it quietly rests for 
half an hour. The larger granules of the silver bromide .settle qown on the 
sides of the flask and the emulsion is carefully transferred into a clean porcelain 
dish without disturbing the precipitate. The dish is covered up and put over 
ice shavings kept in an ice box. It remains there for about three hours, after 
which on uncovering the dish, the emulsion will be found to have hardened. 
It is cut out into small pieces with a horn spatula or a piece of celluloid plate, 
and spread over a piece of muslin cloth. The hard emul.sion may be covered 
I’.p with another piece of muslin and the whole is tied tef form a bag. This 
bag is then hung up in a jar of about live litres capacity, filled with Abater 
not above i4°C. Ordinary tap water may be used iDrovided it is filtered and 
not too hard, and changed at least ten times every 15 minutes. After the washing 
which is intended to remove the soluble salts, have been completed, the bag 
is squeezed to remove the adhering water. A beaker containing 950 c.c. of 
freshly and well-boiled water cooled to 55°C is kept ready, and as soon as the 
washing is completed the bag is suspended in the water. The emulsion mixes 
rapidly with water and is stirred with a glass rod. The funnels plugged with 
glass wool of such compactness that water will trickle out at the rate of two 
drops per second, are then arranged one above the other, and the emulsion is 
then filtered through these and collected in a large flat dish. After remaining 
undisturbed in the dish for about an hour the einulsion is carefully siphoned 

* 'I'he only variety of gelatine which should be used is " Nelson photographic gelatine 
No. I." Tt is best to get it direct from the inanufacturers " Nelson, Dale & Co., L,iuiited, War- 
wick, England,” and store in a dessicator. We wish to thank Messrs. Nelson, Dale & Co., for 
their .gift of a quantity of gelatine. On one occasion they were good enough to despatch gela- 
tine bv Air-Mail at their own cost. 
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out in a beaker disturbing the precipitated granules as little as possible. The 
emulsion is now ready to be used for coating. 

The process of coating the plates requires special care and attention, 
particularly in a hot and humid climate. As a general rule the plates prepared 
during winter give better results and last longer than those prepared during 
June to September months in the Punjal), when the average temperature in the 
working-room ranges between 35® to 4o°C. with very high humidity. The 
working conditions are fairly trying but adopting special precautions these can 
be fully overcome. The glass plates used for coating must be very carefully 
cleaned,, particularly if they have been used l^elore for photographic purposes. 
After cleaning them in the ordinary way they arc placed for a1)0Ut an hour in a 
strong nitric acid bath and then washed with water and finally dried and polished 
with clean muslin cloth. When the glass plates are very thin and fragile it is 
safer to polish them by putting them over a flat surface covered with a fresh 
piece of blotting paper. It is also advisable in hot weather to avoid touching 
the plates directly with fingers as they are likely to be contaminated with 
grease. Schumann in his paper recommends a bevelling of the edges which 
l)ermiis the plates to hold the solution. In this laboratory wc have never 
found this to be necessary and the plates are therefore only thoroughly cleaned 
before coaling. A glass table of any suitable length depending upon the number 
of plates to be coated, of height about 10 cins and of breadth about 2 cms. less than 
the length of the glass plates, is then very carefully levelled. The plates arc 
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arranged over this in a line leaving a spacing of about three cnis. between any 
two plates, the two other edges projecting outside by one centimetre each from 
the table (figure i). When the plates to be coated are of extra-thin glass it is 
necessary to adopt a slightly different procedure. A glass plate which would 
not easily bend is cut of a size slightly smaller than the sides of the thin glass 
plate, and covered with a wet strip of filter paper. The thin glass-plate is then 
placed over it (figure 2). Due to capillary forces the plate adheres to the paper 
and does not curve. All the thin-glass plates must be treated in this manner 
and put over the levelled glass table as before. Narrow glass strips are then 
inserted in the spaces between the plates and occupy the whole width of the 
glass-table. Tliese strips would be found very useful as a safeguard against 
the spreading of emulsion accidentally spilled, from one plate to another, and 
ruining the whole batch. As stated before, the plates should not, be touched 
directly with hand when they are arranged 011 the table. We haW invariably 
employed thin rubber gloves, used by surgeons, on such occasions and found 
them very convenient. The plates are arranged while the emulaon is being 
prepared. The coating is best done by means of a pipette, each plate requiring 
I 35 c.c. of emulsion per square inch. Great care should be obse)'ved while 
pouring the emulsion, which should pass out of the pipette as .slowly as possible, 
avoiding the formation of bubbles. It is not necessary to move the pipette to 
different points on the plate for the emulsion spreads itself equally in all 
directions. For greater stability of the hand the elbow may be supported. 
After the plates have been coated they are allowed to stand uiidisturbed for three 
to four hours, in the dust free room, for the silver bromide to* settle out. ' 

The draining of the supernatant liquid is the most delicate part of the whole 
process. But the manner by which we do this here seems to us to be most 
satisfactory and leaves very little to chance or .skill for success. A glass tube a 
few centimeters longer than the height of the table, and .sealed at both ends is 
caref ull y held against the projecting side of the plate, and allowed to touch the 
layer of the liquid. The supernatant liquid trickles down slowly and the same 
process is repeated with the other plates. After the draining has continued for 
about three minutes a small bit of plate-glass about 2 mm or less thick is placed 
under the other end of the base of the glass-plate by very slowly tilting it. 
The tilt is increased by inserting another similar glass-plate underneath after 
another 3 minutes. The plates dry rapidly and after a few minutes the ends 
can be supported by corks about 2 cms. high. The main idea in taking all these 
precautions is to avoid the flow of the thin film of the silver-bromide, which is 
easily carried along by the supernatant liquid if the flow is too rapid. This 
movement is particularly noticeable when the working temperature is high, and 
spoils the quality of the plates. The plates remain tilted on corks for two or three 
piinutes, and are then brought in a vertical position by holding along the edges, 
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the lower end being always kept down. The backing glass-plate may be removed 
now, and the plate is leaned, film side downwards against a wooden-rod attached 
to a board covered with filter paper. As soon as the plates are dry they can be 
packed, and stored. Due to the special sensitive nature of the photographic 
film, the plates must be packed face to face, without, however, the film surfaces 
touchiug each other. This can be done by inserting narrow strips of thin filter 
paper held along the edges by a very minute quantity beeswax between a 
batch of two plates. The method of placing the plates face to face and still 
keeping them apart by filter paper is specially useful in hot weather when 
beeswax is likely to melt and spoil the surface of the plates. The plates should 
be stored in a cool and dry place. A box containing some calcium chloride 
may be profitably used. Fresh plates are not very sensitive, but improve 
rapidly and can be used to the best advautage after about a fortuight. 


Developing. 

Any good developer may be used, but the following would be found very 
satisfactory : — 


Metol 

Hydroquin one ... 
vSodium vSulphite (cryst) ... 
Sodium Carbonate (cryst) ... 
Potassium Bromide 
Water to make 


5 gnis. 
24 gnis. 
180 gms. 
320 gms, 
2’ 4 gms. 
4,000 c.c. 


Develoiiiiient tempcraUire should be as low as iiossible but not below is'C. 
The plate U fixed in hyl>o solntion and then washed for a few .nmutes m 

running water. 

Thanks are due to Dr. P. K. Kichlu whose InMative and encourapm^l 
are responsible for the suceessful manufacture of Schumann pktes m thrs 

Ltoratory, The help given by Prof. Mela Ran. is also gratefully acknowledged. 
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A NOTE ON THE SPECTRUM OF SINGLY IONISED ZINC. 

By P. N. KALI A, M.Sc., 

Research Scholar. Government College, Lahore. 

[Received for ImblicaHon, October 25, rg^6 ) 

The classification of the spectrum of singly ionised zinc was first attempt- 
ed by G. Von Salis,' and later considerably improved upon by Takahashi,“ 
who analysed a krge number of new lines observed by himself. In a recent 
j)aper L,. and Ph Bloch have ])ublished a list of 63 lines of 'An 11 between 
A 4 s 68 to A 2265, out of which fifty are new. The present analysis accounts 
for 33 of these. 11 lines have been found to be due to combination between 
the already known terms while the rest appear to be the result of combinations 
of the known terms with Ihc eight new' terms which have been discovered. 
Perhaps the chief interest of this note lies in the assignment of foui out of the 
eight new terms to the configuration 3d’' 4l>, following the spectrum of Cu 11 

where these terms are strongly present. It is probable that some of the terms 
whose L, J and S values could not be inoperly ascertained are portions of 
quartet terms, but one could not put them down as such without introducing 
a great element of uncertainty- 


Table of new terms 


Configuration, 

Noiiicuclaturc. 

\ 

\ 

/. 

1 

1 

Term. j 


’ 

1 

■1 

58952-7 



1 2P 

\ 

46891-0 


3d» 4S aP 

j 2F 

• 

1 7 

y 

42913-4 





35253-0 



Xi 

? or \ 

32 i 95 'a 



Xi 


29234-1 



X 3 

?or i 
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Ax 

1 ? 

56410-2 

even tei m. 



464 


P. N. Kalia 


lyist of Lines. 


\ 

V 

I 

Coiiibinati^^ii . 
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22460-3 

I 

X, - 3 rf 4 () 9 d 273 ^ 

4306 '12 

23216-3 

id 
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4304 ' 1 1 

23227-1 

2 d 

« ,-Xi - sd'OtngfG 

4300-90 

23244*4 

id 

3 d 94 J 4 /> - 3 d> 07 d 2 /^ 

4296 '08 

23270'5 

1 

3d>«4d2D, - X3 

ff 

4279-57 

3336o'3 

2 

X, - ad’osd , 

4221-94 

23679-2 

4 

3 - 3 dl® 94 ' 

4148-54 

24098-1 

4 

Zi - 6 

' 3996-71 

25013-6 

0 

- 7 

3988-94 

25062-2 

6 

3dl»5S*.S'j — 7 

358585 

27879-4 

I 

3 d’‘J 75 2,9 j — 3d^S4p 

351074 

28475-9 

0 

3d*4S4p^F^ - 3d'»^d27)., 
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3510-29 
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'X U 
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0 
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2 

3373'76 

29632-0 

I 
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5 
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30706’ I 

3 
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31270-0 

4 
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31696-9 

I 
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0 
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3Ii8'78 
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0 
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32194-8 

I 

3 dl 04 / 2 F - B( 3 ) 
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33881-7 

0 

2887 ' 4 r 

34623-0 

4 

9 - B( 3 ) 1 

X - «( 5 ) 5 

2801-90 

35679-6 

4 
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2 X 

2800-80 

35693-6 
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2766' 62 

36i34'5 

1 

3d^4S4P *Fi - sd'V 

2658 'i 7 
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5 

X-i - B(6) 

2627'20 
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a 
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2 
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RAMAN SPECTRA OF OXALATES AND OXAUTO- 
COMPLEXES : VIBRATIONS OF DICARBOXYL. 

By JAGANNATH GUPTA, 

Palit Research Scholar in Chemistry. 

(Received for publicatm, Ocloher 15, 19^, 6.) 


ABSTRftCT.-In continuation of the author’s work on the Raman .spectra of oxalic acid 
and metallic oxala,tes, the oxalato complexes of aluminium and tilaniuni have been examined 
with a view to testing the validity of the view, son the .structure 

put forward in previous papers. A general conlirmalion has been obtained, in view of certain 
remarkable changes observed in the spectra of the oxalate group, such as the disappearance 
of the line 1306 and the band 1620 of the oxalate ion, and the appearance of two lincwS 1680 and 
1730, ill the spectrum of potassium alumino-oxalate. The spectra also reveal the less stoblc 
character of the titanium complex. An attempt has been made to characterise the modes of 
oscillations of the (C2O4) ion and identify them with the Raman lines of the oxalates, on the 
basis of vibrations of the ethylene molecule, analysed by other workers. Also, from the 
appearance of two lines 1680 and 1730 in the spectra of the complexts, in place of only one 
observed in the ca.se of the esters, it is sugge.sted that in the complex, the two rarbonyl linkages 
arc of different energy contents, and hence the pos.sibility of existence of an intcre.stinR form 

of isonierksm is pointed out. 


The aystal structures of anhydrous oxalic acid,' its dihydrate, ’and several 

raetaffic oxalates, hothnomial and acid, have been studio,! by the usual methods 

of X'ray analysis. The general conclusion arrived at, from a detailed study 
of the Weissenberg photographs is that, excq>t in the case of amm« oxalate' 

which is slightly exceptional, the six atoms of the lomc group (0,0,1 he in le 

same plane. In oxalic acid dibydratc, Zachariasen's mcasuremeute show that 
the tout oxygen atoms ate cqniralent, the distances being ' 5^ ’ ™ 

rirfasl The possibility of co-ordination of each of the hydrogen atoms 
Leen two' oxygen atoms in anhydrous oxalic acid hash«npom.ed outby 

Similar conclusions were arrived at by the present author from the study 

the rmau spectra of oxalic acid and metallic ox^ates in soluhon, aud have 
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been discussed in a previous paper/ The structure y C — C \ was attri- 

p/ P 

buted to the ion, and Raman lines at 1306 1460, 1485, and 1620 wavenumbers 
were attributed to the vibrations of the group. It was considered that 
the validity of the hypothesis could be examined if one of the oxygen 
atoms in each of the (COO) group could be linked with a covalent bond 
with some element or group of elements ; because, under such circums- 
tances, the other oxygen is thereby linked to carbon in no other way than as 
C= 0 , which group should show its characteristic Ramaii lines, not originally 
observed in the spectra of the oxalates. Such a type of linking, besides existing 
ill the esters, is precisely the one present in Werner’s oxalato-complexes, which 
may be generally represented as 


I 

M., 




() = C— Ov IT / 

I >M< 
0 = C— 0/ ^ 


0 — 0 = 0 “ 

I 

o— c=o_ 


in the particular case where the central atom is divalent, and 4-covaleiit. These 
complexes arc, however, of varying degrees of stability in solutions, and it was 
thought if the progressive stabilities of such complexes could be followed 
with the help of Raman spectra of these solutions, and to the differences in 
spectra, if any, which might follow as a result of such co-ordination. The present 
paper contains the results for potassium titani-oxalate KgLTi ^(Ca04)2] 
potassium alumino-oxalate Ks [A 1 (0204)3], as also for potassium acid oxalate, 
which stands intermediate between oxalic acid and the normal oxalate. It was 
observed that the titaiii-oxalate crystallises well, but its aqueous solution gives 
strongly acid reactions from which calcium oxalate is immediately precipitated 
on adding calcium chloride, which indicates that the salt is hydrolytically 
dissociated to a large extent in solution. The alumino-oxalate is far more stable, 
inasmuch as its aqueous solution is rather feebly acid and gives very small amounts 
of precipitate with calcium chloride. This salt is therefore remarkably stable 
among the oxalato-complexes, as is also evinced by the isolation of its optically 
active stereo-isomers by Wahl.'' 


expkrimkntal. 

Potassium acid oxalate — Molecular proportions of chemically pure oxalic 
acid dihydrate and normal irotassium oxalate were dissolved separately in water. 
The solutions were mixed with further addition of water, heated to boiling and 
crystallised. 
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Potassium alumino-oxalaie—Thc method of preparation is according to 
Wahl . Freshly precipitated pure aluminium hydroxide was heated to boiling for 
over an hour with fust a little less than the calculated amount of a molecular 
mixture of oxalic acid and normal potassium oxalate. It was fdtered from the 
small amount of the unreacted hydroxide and the hltrate evaporated on the water 
bath to a very small volume. This concentrated solution was allowed to crystallise 
m a desiccator over sulphuric acid. The crystals thus obtained were dissolved 
in the least quantity of water and recrystallised. The recrystallised product was 
pure, as shown by testing with litmus paiier and calcium chloride. 

Potassium iHani-oxaJalc hchuchardt’s pure sample of the oxalate was 
recrystallised from warm water. 

Distilled water, thrice redistilled in vacuum, was used for preparing the 
solutions. The crystals were washed with small quantities of this water, after 
which they were dissolved, and the solutions filtered repeatedly through gravi- 
metric filter papers and finally run directly into Wood’s tubes. The condenser 
method of illumination was employed, and a 4% solution of ni-dinitrobenzcne 
in benzene used as a filter for removing the 4046 X group of mercury lines. 

Table I shows the results for oxalic acid with its normal and acid salt, and 
table 11 for tlic complex oxalato-compounds along with those for diethyl oxalate, 
the latter being included for convenience of comparison. 


Raman SpeUra oj aqueous solulions 
TabIvE I. 


Oxalic acid (G), 

KHC.^04. 

K.A04 

(Nn«)aC 304 (O). 



17s (1' 




294 u) 


450 (2I 

450 (i) 

453 (3) 

442 (I) 

847 (4) ' 

1 870 (i) 

898 (4) 

895 t 3 ) 

1372 

1310 (0) 

1306 (4) 

T302 (3I 

1460 (i) 

1440 (1) 

14C0 (3) 

1460 (2) 



1485 

1485 (2) 

1631 (2IP 

1635 

i6oo + 3 ^^ ( 3 ^^) 

1610 + 30 (3t)) 

1740 (4) 

1715 

— — 



9 
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Table II. 


Potassium titani-oxalatc 

! 

Potassium alumino-oxalate. 

Diethyl oxalate pure 
(500-2000) cm'* (K-P). 


160 (i) 


283 (ib) 

258 (i) 


36s ( 4 ) 

363 <r) 


522 U) 

573 <2) 


850 (iM 

898 (2) 

868 (10 b) 



904 (J h\ 

1228 (2' 


loiS ('7 b) 



1106 [j b) 

i3qa (it 

i ps (5^ 

1294 U sb) 

T35T (i) 

T 393 (4' 

7665 (ib; 

1678 (2) 

1451 Uo b) 

1730 U) 

1 1731 <i) 

1761 ±7 (9 b) 


K-P-=Kolilrausch and Pongratz, Bcr. dent. chnn. 66, 1355 U933). 

ij = (iupta, Jnd. J. Phys , 10 , 199 (1936). 


DISC U S S 1 O N OP RES U T. T S. 

It may be observed that in the perfect complex, potassium alumino-oxalate, 
(i) the line 1306 cm"' has completely disappeared; (2) the doublet at 1470 cm"' 
has appeared as a single line of lower frequency shift at 1413 cm"' ; the broad 
band at 1610 cm"' observed in the spectra of the oxalates has disappeared, and tu o 
lines at about 1680 and 1730 cm"' appeared instead; (4) a new sharp line at 
573 cm"' has appeared, which was not present in the spectra of the oxalate 
solutions. Similar changes have been observed in the spectrum of the titaui- 
oxalate also, except that the lines have different frequency shifts, generally 
smaller, presumably owing to the greater mass of Jhe central atom , and that the 
line 1306 cm" ' observed in the spectra of the oxalates is present in this case as a 
line at 1228 cm" '. 

A thorough interpretation of such changes requires an exact analysis of the 
modes of vibrations of the (C2O4) group itself, and frequencies resulting there- 
from, which does not appear to have been worked out. In the light of the views 
put forward by the present author in two earlier papers ' ’ " , as well as on the 
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of Zactoiasen's and Handricksa .„aas„™,aa„. ,ba „^k,te ic. „,a, ,* 

reprtaente aouie cases a syuimetry elenieut Vh 

and in other cases Ilje two (COO) groops 

anther of modes of vibration is expected lor such a nro^pin” \r atte.'H h 

tang made h„a to attnbute several prominent lines to several .nodes of vibration 
oftbeeronp.followmgthehneofassiamnentof Mecke’ a..d of Dennison and 
Sutherland m the case of the ethylene molecnle, which possesses a similar 
element of symmetry. It may be pointed out that Sutherland and Dennison's 
assignments do not always agree with Mecke's, so that ar. absolute fnality in the 
assiKiiinents attempted here caunot be claimed. 

The more important modes of vibration nf tiro .f-i, i 

represented by the following figures ; ^ molecule may be 



Figure i. 


Some normal vibrations ol ICtloleiie (after Sullii rland mul Dennison;. 

Some of these vibrations are muloubledly the origin of several Raman 
lines in the spectra of the oxalate ioii also. ^I'he following assignments may be 
made : — 

Mode I — The frequency 1342 has been attributed to this mode of vibration 
by vSutherland and Dennison. In this mode, the diagram indicates that the two 
CHg groups are oscillating against each other. The value of the frequency is 
therefore expected to be greatly diminished when the hydrogen atoms are 
replaced by heavier atoms. For this reason, in the Raman spectra of tetrachlor- 
ethyleiic, wliich contains as many Raman lines as ethylene itself, there is no 
Raman line of a greater frequency shift than 510 cm“^, except one at 1570 cm~^, 
which is to be atti ibutcd to a mode of vibration represented by II, as will be 
seen. When therefore, the hydrogen atoms are replaced by oxygen, and tlic 
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linkage between the two carbon atoms single, as in the case of the oxalate ion, 
the expected frequency can be roughly calculated. Taking Kohlrausch’s values 
for the force constants of C — C and C=C links, this leads to 

1342 ^ V-.^“ X ^4 = QYgj. q'jjg corresponding Raman 

9 36 44 

line in the oxalate ion is therefore probably Av 450. 

Mode II — The Raman line at Av 1620 has been assigned to this vibration 
in the case of ethylene. It may be seen that in this mode, involving a deforma- 
tion oscillation of the hydrogen atoms, the value of the frequency normally 
attributed to C = C oscillation remains unchanged. In the oxalate ion therefore, 
the corresponding Raman line is Av 898. As in the case of tetrachlorethylene, 
where the corresponding Raman line is Av 1570, the usual value of the fre- 
quency of vibration is diminished to some extent, presumably owipg to the 
heavier masses of the atoms attached to carbon. \ 

Mode III — This mode of vibration is expected to give rise to a stronW Raman 
line, owing to its symmetrical character, and has been identified With the 
intense Raman line at 3020 cin~^ in the spectrum of ethylene. It is almtost cer- 
tain, therefore, that in the case of the oxalate ion, the corre.sponding line is one 
of the intense doublet in the region of 1470 cm“^, which forms the mo.st 
intense pair of lines in the Raman spectra of the oxalates. The appeal ance 
of a doublet in place of a single sharp line may be attributed to the close 
approach in the values of this ficquency and of the combination freipiency 
175 + 1306, both of which are observed in the spectra of Ahe oxalates, and 
the consequent resonance degeneracy owing to perturbation between the two 
energy levels, as in the case of the 770 line of carbon tetrachloride. It must be 
confessed that this explanation of the origin of the doublet is to a high 
degree tentative ; but it is a significant point to note that where the line at 1460 
has shifted to other regions, as in the case of the complexes, the line appears 
single. 

It may be also remarked in this connection that this mode of vibration is 
not prohibited even in the oxalato-complexes, where one of the oxygen atoms in 
each (COU) group is co-ordinated with a metal atom to form a 5-ring, as can be 
seen from Reitz’s analysis^ ^ of the mode of vibration of five-niembered rings. 
The mode of vibration represented as by Reitz, involves within itself a vibra- 
tion of this type, with the result that the Raman line arising from this mode of 
vibration persists even after co-ordination. 

Modes IV and V — Of these two, mode V is not allowed in Raman effect 
owing to its asymm(?tric nature of oscillation w'ilh respect to the centre of sym- 
metry. The vibration represented by IV may be identified with the broad band 
at 1620 cm" ' of the oxalates. 
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Mode VI 1 his mode of vibration is also ^forbidden' in Raman effect in the 
case of ethylene. In the cUvSc of the oxalate ion in solution, however, where a 
free rotation of each of the groups (COO) about the axis C— C is permissible, 
this vibration is no longer forbidden ; for, although when all the carbon and 
oxygen atoms are in one plane, the change in the polarisability of the molecule as 
a result of this vibration is zero, it is no longer so when tlie i^lancs containing’ 
each of the (COO) groups make some angle with each other, as for example, 
in the crystals of animonium oxalate. Since the two (C( )0) groiii)s are free to 
rotate about the axis in solutions, the average value of the change in the polari- 
sability will be quite large, and the corresponding Raman line will be (juite 
intense. To this mode of vibration can therefore be attributed the strong Raman 
line at 1305 cm" ^ in the spectra of the oxalates. 

It is an extremely interesting fact that in the spectrum of the stable com- 
jdex, potassium alumino-oxalate, this line has totally disapi)eared. It imme- 
diately indicates that a free rotation in the oxalato group is no longer permissible, 
as must essentially be the case if two of the oxygen atoms of the grou]> are co- 
ordinated with the aluminium atom, in the way indicated by Werner. The 
persistence of this line at 1228 cm'"' in the case of the titani-oxalate indicates the 
more labile nature of the inetal-oxalato ring postulated in tliis case, which is 
also supported by the chemical properties of the salt, previously mentioned. 

Whatever may be the alternative exidanation of the modes of oscillation of 
the (C2O4) grou]) and frequencies le.sulting therefrom, the fact that some remark- 
able changes have taken place in the structure of the group as a result of 

co-ordination is beyond doubt. The hypothesis of chelation also api)ears to be 
well established from a theoretical consideration of the changes oljserved. 

It is an extremely interesting i)oinl to consider why two lines at about 1670 
and 1730 cm”^s, attributed to the C“ (> grouping, appear in the Raman spectra of 
the oxalato complexes, unlike one, observed in the esters. If the oxalato com- 
I)lex is formulated as 




0 = 0- (I \ \ 

I ^A 1 CV )4 


in conformation to the mode of preparation of the salt, it a])pcars that the two 
bonds of the chelate are of diflerent energy contents, as is quite likely, since theii 
electron terms arc different. This implies a difference in the binding energies of 
the two C-O links, from which it follows that the two oxygen atoms in the two 
Q = O groups may be held with different energies, Ihc two Raman lines of 
slightly diflerent freejnency shifts may be attributed lo the two difteicnt energy 
contents of the two C^i) bonds of each oxalato group. Assuming the non-identi- 
cal nature of the two links, it becomes an interesting possibility to obtain isomers 



472 


J. Gupta 


of the cis-trans type in such oxalato complexes where the central atom is 4-cova- 
lent and the valence bonds lie in the same plane, the isomers being represented 
as 


I 

Ms 


(-) = C-0 ij ^ o-c=(y 

_0 = C-0^^'^ ^0-C = () 


T 

and M2 


O-C-O \ rr ^ ()-C = () 

I ^ 11 I 

(.) = C-() ^ 0-C = () 


All undoubtedly 4-covalent element having planar distribution of valencies is 
divalent platinum, as supported both by X ’ray and stereochemical evidences.** 
Soderbaura's platoso-oxalic acid' ® Ha [Pt (000)2], 2H2O, gives rise to two 
series of salts having different colours and solubilities. Tlie potassium salt, in 
particular, shows this isomerism even in the anhydrous state. Witlif the free 
acid, concentrated aqueous solutions are blue, which change to yellow on dilution 
or on heating. Investigations arc being made to decide whether this isomerism is 
due to the formation of polymers like Vernon’s dimethyl tclluro-iodide* and 
Kraus and Brodkorb’s diainmine palladous chloride, or to a kind of isomerism 
depicted above, although it should be admitted that isomers of this type hre not 
expected to show such sharp differences in properties. 

In conclusion, the author wishes to express his respectful thanks to Sir 
P. C. Ray and Dr. P. B. Sarkar for their kind interests in the work, and to Prof. 
D. M. Bose for his kindly allowing the author to work in the Palit laboratory of 
Physics. The work was carried out under the kind guidance of Dr. S. C. Sirkar, 
to \’.hom also the author’s best thanks are due. 
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ON THE RAMAN SPECTRA OF DIFFERENT 
MODIFICATIONS OF A FEW CRYSTALS. 

By S C. SIRKAR 

AND 

J. GUPTA 

(Received for pnhlicaiion, Ocfobei rp:^6.) 

ABSTRACT.—Tlic Raman spectra of different modifications of crystals of /’-dichloro- 
benzene, /j-dibromobenzene and snlpbur liav(‘ been studied at dificrcTit temperatures inclndiiiR 
that of liquid air. It has been observed that in the case of the last hvo of the above substances 
no abrupt change takes place with the transformation from one modification to the other in 
the positions of the new lines wliich appear in the ease of the solid state in the neighliour* 
hood of the Rayleigh line. In the case of /’-dichlorobeiizcne, however, not only some of these 
new Hues but also some Raman lines due to inUTmolecular vibration of the single molecule 
are shifted on cooling the crystals once in ice, and it is not definitely known whether the lattice 
is changed with this cooling. On lowering the temperature of the crystals of the first two 
substances to that of Ikjuid air, the new lines are shifted away from the Rayleigh line, but the 
linear coefficient of expansion calculated from the magnitude, of these shifts with the help of 
the theory of lattice oscillation seems to be too high. The above results are discussed and it is 
suggested that the lines in question may have their origin in vibrations of polymerised 
groups. 


INTRODUCTTON. 

It was shown by Bech and Ebbinghaus’ that an abrupt contraction of 
volume takes place when crystals of /)-dich]orobenzeue, i^-dibromobenzene, 
^-toluidine, sulphur and a few other organic sulxstances are cooled below a certain 
critical temperature which is different for the different substances, hromthis 
observation they concluded that there ai'e two modifications of the ciyslals of 
each of the.se substances. The modificatioiis belou' and aliove the transformation 
point are called a- and jS-inodifications respectively. Vuks^ has recently studied 

the Raman spectra of the two modifications of cry.stals of /;-dichloiobenzene and 
has observed that some of the new Raman lines which ajipear in the neighbour- 
hood of the Rayleigh line in the spectrum of light scattered by the substance in 

the solid state, are .shifted slightly with the transformation from one modification 

to the other From this fact he has concluded that these lines have their origin 
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in lattice oscillations. The arguments on which he has based his conclusion 
however, do not seem to be very convincing. Therefore in order to investigate 
the question more thoroughly, the Raman spectra of crystals of :f^-dichlorobcnzene 
^>-dibrotnobenzene and sulphur have been studied in the case of both the modi- 
fications and at different temperatures including that of liquid air. These results 
have been discussed in the present paper. 


KXPBRTMENTAIv. 

Kahlbauni's /j-dichlorobenzene was distilled in vacuum in an apparatus 
made of pyrex glass. The distillate was collected in a wide tube forming a pari 
of the above apparatus and solidified on cooling down to the room ter"f)erature. 
It was observed that whenever the solid mass was allowed to cool down to the 
room temperature, which was about 32"C, there was always\ an abnormal 
contraction of volume so that a conical hole with its axis along \he axis of the 
tube was fonned in the solid mass. The solid mass was melted again by immers- 
ing it in water bath at about 56*^0, the inclliiig point being 53 "’C, and was 
subsequently kept immersed in a water-bath at 45°C. The liquid this time 
solidified into a mass in which the axial hole mentioned above was absent. It 
appeared, therefore, that the solid mass obtained at 45"C was the /?-inodification 
and that at the room temperature was the a-modification, because according to 
Bech and Ebbinghaus the transformation point for this substance is 3q.5"C. 
The Raman spectra of these apparent and /^-modifications were photographed, 
keeping the crystals in the latter case always immersed i/i the water bath at 
45°C and never allowing to cool down below this temperature after the substance 
had been melted and allowed to solidify. On examining the two spectrograms, 
the positions of the new lines appearing in the neighbourhood of the Rayleigh 
line were found to be identical in the two cases. The crystals were next cooled 
once in ice cold water and the Raman spectrum was again photographed. 
This time some of the new lines were observed to be shifted from their res- 
pective positions observed prior to the cooling of the crystals below the room 
temperature. 

In the case of /?-dibromobenzene, the crystals (Kalilbaum's) were melted 
ill vacuum in a sealed pyrex tube and allowed to solidify and cool down to 
the room temperature. The transformation point in this case being the 

/J-modilication was obtained at the room temperature. The Raman spectrum of 
this solid mass was photographed in the usual way, and that of a-modification was 
jihotographed by keeping the solid immersed in liquid ammonia contained in a 
transparent Dewar vessel. 

In the case of sulphur a rhombic crystal was mounted 011 a small table and 
placed in an electric heater provided with suitable windows. The temperature 
of the crystal was gradually raised to about 85°C and keeping it constant, the 
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Raiuaii spectrum was photographed. Next, tlie temnPratMn^ ^ 

.bout .05”C and mamtutuud constant .urrcTa "? r 

The Raman spectra of the three anhstances .nentioued ahove were photo 
graphed at the temperature of liquid air by keepmg the subataueea imureraed in Houid 
air contained m a transparent Dewar vcMel. The Ra„,a„ spectrum of P di 
dichlorotoe in the liquid state was also recorded by keeping the snbstanc^ 
hnmersed m a bath at about 6o C. in order to compare the spectrogram with 
that ot the solid. Iron arc spectrum was photographed on each plate as com 
parison for measnrernent of wavedengths. The disiarrsion of the spechograph 
used was about ii.oA/tniu m the region of 4000 A. 

RRRULTS. 

The values of Av of the new Raman lines observed in tii. , . 

l>eu/.eue and f>-dibromobenzene under different m vr i’-dichloro- 

along with thc^ for the Ranmn Unear to^’n? ’ 

intensities of the lines are given in parentheses. ' ‘^^tniiatcd relative 


Substance. 


Tenipern- 

ture. 


/^-Diclilorol Kiizene 


TabItE 1 . 

Condition of 
experiment. 


A*' in cm ' ' 
of the lines. 


45 C melted and gradually 1 40(2), 50(2) 82(2bd) 

cooled to 45^’C, 

... , , „ 4o(z), 50(2) 82(2d) 

32 t melted and gradually 

cooled to 32°C. 1 

32 "'C the above mass once 4^(2), 50(2) 92 (2d) 
ccKjled in iee 


other changes 
observed. 


The lines 305 
and 331 shifted 
to 3086 and 
1 327*5 respee- 
tively. 


^-Dichlorobenzene — i8o“C the solid kept immersed 55(2) 60(2) 105 (2 s) 

in licjuid air. 

32 "C melted, solidified and 36'0 (3) 93 (2 d) 

/^-Dibromobenzene cmilcd to 32 “C. 

— 4o'’C the solid kept immersed 375 (3) 95 (2d) 
in lii]uid ammonia. 

“-i8o“C the .solid kept immersed 42 (3) 104 (2 s) 

in liquid air. 

Sulphur 32X rhombic crystal at 32''C 86 (2b) 154 (3) 220 (3) 467 (1*5) 

(incomplete) 

85“C crystal placed in a 86 (2d) 158 (3) 220 (3) 467 (1-5) 

heater, 

105®C n •' »> »> »* 467 U) 

-i8dX cry.stal immersed in 84 (2b) 138 (3) 220 (3) 467 (2) 

liquid air. 


W 
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DISCUSSION OF RKSUUTS. 

It can be seen from the results given in table I that an abrupt change takes 
place in the positions of the lines 40 cm“ ' and 82 cin“ ’ of ^)-dichlorobenzene on 
cooling the crystals once in ice and no such appreciable change takes place in the 
case of /)-dibroinobenzeue even though the crystals are cooled in liquid ammonia. 
Since according to Bech and Ebbinghaus the transformation point is3g°-5C, it 
might be expected that at 4S°C, / 3 -modification was obtained and at the room 
temperature they were transformed into the a-modification, and therefore, some 
difference ought to have been observed between the Raman spectra at the two 
temperatures. But such difference is not actually observed, and only when the 
crystals are cooled in ice-cold water and brought to the room temperature again, 
that some of the lines are shifted. Vuks, however, observed tha|; sometimes the 
transformation from P- to a-modilication does not take place umess the crystals 
are cooled below 22°C and the transformation from a- to jS-moflification takes 
place just above 37‘’C. Hence it might be assumed that in th^ case of the 
crystals studied by the present authors the / 3 -modification persisted before they 
were cooled down below 22°C. But there seems to be a little difficulty in such 
an assumption. Bech and libbiughaus have observed that there is always a 
sudden abnormal contraction in volume accomjjanying the S — ►a transformation 
and it has been observed by the present authors that as a result of this contrac- 
tion, a conical axial hole is produced in the solid mass even at the room tempera- 
ture and no further abnormal contraction takes place on cooling the crystals in 
ice-cold water. Whether the crystals were transformed into the n-modification 
before being cooled below 22 °C can be decided only by X-ray analysis of the 
crystals under the conditions mentioned above. But the data for these two 
conditions are not available. On examining, however, the results observed with 
/)-dichlorobenzene with those for />-dibromobenzene, it is difficult to understand 
how the origin of the lines which are shifted in the former case with the trans- 
formation from to a-modification can be attributed to lattice oscillations. The 
transformation point in the case of ^-dibromobenzene is 8"C and therefore, on 
cooling down to - 4o°C, certainly the ^-modification was obtained. Hence if the 
new lines were due to lattice oscillations they ought to have been shifted also in this 
case in the same way as in the case of fi-dichlorobenzene with the transformation 
from one modification to the other, because the two substances are isomorphic, 
but as can be seen from table I no such abrupt-changes are observed. 

Again in the case of ^>-dichlorobcnzene, on cooling the crystals in ice- 
cold water and bringing them again to the room temperature, not only some of 
the new lines but also some of the lines due to intramolecular vibrations in the 
single molecule are shifted. The lines 305 cm"' and 331 cm"' observed at the 
room temperature before cooling are shifted respectively to 308-6 cni“^ and 
327-5 era"' aft^r the crystals are once cooled in ice and the Raman spectrum is 
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studied again at the room temperature. Also, the relative intensities of these 
two lines are widely different from each other in tlie former case but they are not 
so in the latter case. Hence there is some change in the relative intensities 
accompanying the shift in their positions. Since these lines arc observed res- 
pectively at 297 cm ^ and 329 cm“^ in the case of -the liquid state and are due to 
intramolecular vibrations in which the chlorine atoms are involved, it is evident 
that the intermolecular forces have influence on the positions of these lines and 
they are different in the case of the solid state from that in the case of the liquid, 
and also in the former case they are again not the same before and after the crys- 
tals are once cooled in icc. The shift of the lines 40 and 82 cm'’^ may also 

be due to the same reason and in this case also the chlorine atoms may be involved 
in the oscillations which take place in polymerised groups consisting of more 
than one molecule. Such a shift in the corresponding lines of /^-dibromobenzene 
docs not occur probably because the bromine atom being much heavier than 
chlorine atom, the freciuencies are not affected appreciably by the intermolecular 
forces. 

According to Vuks the new lines which are observed in the case of 
dibromobenzeiie at the room temperature are evidently those for the /i-niodifica- 
tion and they correspond to the lines due to />-dichlorobenzene in the following 
way : — 

Tauck II. 


p -Dichlou )1 le'iizenc 

(a-iiiocl.) 1 A I' in enr^ 

27\S 

-le-s 5^1 

93 


(/ 8 -nio(l.) 1 ,, 

1 'IS'S 

.S4-5 

82 

/>-Dibroniobenzciic 

1 

j 1 1 * » 

1 20-1 

1 .17-8 

93 


From the above arrangement it appears as if in the case of /^-dichloioben- 
zeiic the line 27' S cm"'^ for the fn-modiflcation is shifted to 43 '3 with the 

trausfonnatiou to the /i-niodilication. II has been observed by the present autliors 
however, that the Hue 27-5 enr’ is either not )n-esent at all, oi it has not }>ot 

any intensity comparable with that oI the line 40 0 enr’ for the /I-modification 

and it is the line 40 enr' (given as 43-3 cin"! by Vnks) winch is shifted to 
about45cnr’ with the transformation. The presence of the line 20' 1 cm m 
the case of ^dibromohenzene could not be verified by the present authors owiuR 
the spreading of the Rayleigh line up to abemt 2r cm- from t 

the oresence of stray light which could not be avoided. The correctness of the 

^ -ma«o„ ol a — ,a.«« .y 


Einstein 
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where T, is the melting point, M is the molecular weight and r the molecular 
volume = Nd'’, N being the Avogadro’s number and d the distance between the 
two atoms. Information regarding the magnitude of d can be obtained from 
results of X-ray analysis of the crystals. The crystal structure of ^-dichlorolx:n- 
zene and #»-dibromobenzene has been analysed by Hendricks * who has reported 
the following dimensions of the cells. 



a 

b c 

dioo 


No. of mol 

/?-Diclilorobenzenc 

14-83 

4-1 

5-88 

5-88 

112-30 

2 

^-Dibroinobenzeut: 

15-46 

4-1T 

5-80 

5-80 

112-38 

2 


It will be observed that the primitive translations along d-axis in the 
two cases are slightly different from each other. The temperalnre at which 
the crystals have been investigated is not known. The crystals of the 
two substances have the same modification only if the temperature is either 
below 8"C or if it has never come below 22®C. As the investigation was 
carried out at Washington, the room temperature might have gone down during 
night below 22° C at the time of the investigation and consequently the crys- 
tals of f>-dicliloroben7,ene might have been transformed from fi- to o-modification 
and in that case the latter persisted even when the temperature rose above 22“C 
as has been explained previously. According to the above assumption there is 
some possibility that the crystals of fi-dichlorobenzene and ij-dibromobenzene 
studied by Hendricks had the a- and ^-modifications respectively. If that be the 
case, it is evident from the dimensions of the unit cell given by him that there 
is very little difference Isetween the two cases and the small difference in a may 
be due to the Rqjlacement of bromine by the chlorine atom. Hence, if the 
above assumptions be true, the shift of the Raman lines observed with the ^ — >a. 
transformation cannot be correlated with change in the fretiuency of lattice 
oscillations, because the lattice does not change appreciably with the transform- 
ation. 

If, however, it is assumed that the two substances investigated by Hen- 
dricks were of the same modification, it can be seen that the value of d is almost 
the same in the two cases and if v and y' be the frequencies of oscillation of the 
lattices of dichloro- and dibromobenzene respectively, we have 

= i ’41 approximately. 

^ ^ T.M 362 X 107 

The values of v I v' obtained froin the assignment given in table II are shown in 
table HI. 
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Taulk hi. 


y in />-dichlorobeiizene 
in 

y in /’-dibromobt*n/ene 
in cm,"’ 

v/v* observed. 

y/v' i'ali*. 

Vuks 

Authors 

Vuks 

Authors 



20*1 


43-3 

40 

2-0 

1-41 

1 

37-8 

3 tro 

54-5 

S^> 

^’39 

M 

93 

93 

00 

82 

0-88 

Ml 


It can be seen from the above table that except in the case of the line 50 cm" * 
of i>-dichloroben 7 .ene, there is no agreement between the observed and calculated 
values of v/v'. Since the line 50 cm"' is not shifted at all with the transform- 
ation, this agreement has no significance at all. 

The results given in table I further show that the new lines due to the 
a-modification of both the substances are shifted away from the Rayleigh line 
when the crystals are cooled in liquid air. The linear coefficient of expansion of 
the substances can be calculated from the magnitude of the shifts of these lines 
as has lieen done previously by one of the present authors in the case of naphtha- 
lene. The accurate values of Av in cm"' observed by the present authors in 
both the cases at the room temperature and at —iSo^C are given in table IV 
along with the values of a, the linear coefficient of expansion calculated from these 
values of Av, The letters d and s in i>arentheses denote difluse and sharp res- 
pectively. 

Tabi,k IV. 


/)-T)ichlorobenzenc . p-l Jibroniobcn/.eiie. 


i 



•'3 



"2 

32 "C ! 

40 

5 « 

92 (d) 

— 4 (>‘'C 

37-5 

96 ((f) 

-iSo-C j 

55 

6(.) 

105 (.s) 

- 180X 

42 

104 (s) 

0 calc. — ^ j 

‘0009 

•00094 

■00066 


•00085 

■00059 


The above values of “ arc not very consistent with each other and when 
compared to the value 'oooti for naphthalene which has almost the same melt- 
ing point as ^-dibroniobenzenc, the values deduced in the present case seem to lx: 
too high. Further, there is a significant change in the properties of the line 
92 cm“' in both the cases with the lowering of temperature to that of liquid air. 
This line is very broad and diffuse at the room temperature and Ixicomes very 
sharp at the low temperature m both the cases. In the case of i>-dichlorobenzene 
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it has been observed that the line becomes broader at about 45 than at the 
room temperature. Also, this line has the same position in the two cases at the 
low temperature. 

In the case of sulphur, no change has been observed to take place in the 
position of the lines with the transformation from the rhombic to the monoclinic 
variety. This is consistent with the fact that the lines observed in this case are 
due to oscillations of the Si « and Ss molecules and therefore their positions do not 
depend on the nature of the lattice. There is slight influence of the lattice, 
however, on the relative intensities of the lines, because the line 467 seems to be 
weakened with the transformation from rhombic to the monoclinic variety, as can 
be seen from the results given in table I. The intensity of this line also in- 
creases with the lowering of the temperature to that of liquid air and this 
change in intensity cannot be explained by Placzek's theory according to 
which the intensity should have diminished with the lowering of temperature. 

Also, the line 86 cm“^ is shifted to 84 cm“^ at the temperature ofuiquid air. 

From the above results it is suggested that the new lines in question may be 
l^roduced by oscillations in polymerised groups as has been suggested \previously 
by one of the present authors in other cases. The results of X-ray investigation 
of the tw'o modifications of ^)-dichlorobcnzene will be reported by the present 
.authors shortly. 

The authors are indebted to Prof. D. M. Bose for his kind interest in the 
work. ♦ 

Paiit Laboratory ok Physics, 

92, CiBCuivAK Road, Calcutta. 


Note added in Proof. After this paper w.as coiiitnunicated, a paper by Venkateswaran 
dealing with the Raman spectra of sulphur and phosphorus has appeared (Proc. Tnd. Acad.Sci., 
A, 4, p. /\i^j 1936). He has observed a line at 36 cni'i in the case of solid phosphorus and has 
also observed that the line 88 cm"^ of rhombic sulphur is shifted to So cm‘^ in the case of 
monoclinic sulphur at iio®C. We have, however, observed that this line of sulphur remains 
exactly in the same position even when the rhombic crystal of sulphur is gradually heated to 
TOS^C and kept at this temperature and it has been shown by Bech and Ebbinghaus that the 
monoclinic variety is obtained in this wav at 105 "C. Venkateswaran has calculated the fre- 
quency of the oscillation of the cubic lattice of phosphorus with the help of Lindemaun’s for- 
mula and the frequency 27*3 cm“ J so obtained has been identified with the frequency 37 cm”' 
observed by him. He has also identified the frequency 88 cm"' observed in the case of sulphur 
with frequency 100 enr I of the oscillation of the rhombic lattice of sulphur obtained from 
similar calculations. The actual discrepancy between these calculated and observed frequen* 
cies is about 25% in the case of the cubic lattice of phosphorus and it is only about J2% in the 
case of rhombic lattice of sulphur. Venkateswaran, however, thinks that the discrepapey in 
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the latter case is much larger than that in the former case and that this larger discrepancy in 
the rase of sulphur is due to the fact that Lindemann’s formula cannot be applied to the case 
of lattices other than cubic. He has also remarked, that for this reason the results obtained 
by one of us previously by applying such a formula in the case of monoclinic crystals of naph- 
thalene are without any significance. This remark requires justification in view of the facts 
mentioned above and of the fact that by applying the same formula to the case of rhombic 
lattice of sulphur, Veiikateswaran himself has drawn the conclusion that the line 88 cm ^ of 
sulphur is due to lattice oscillation. On carefully examining the spectrograms it has been 
observed by us, however, that this line of sulphur is shifted at the temperature of liquid ail b> 
about 2 cm"^ towards the Rayleigh line, ur.,^ in a direction opposite to that expected from the 
theory of lattice oscillation. If, as Veiikalesw’aran thinks, Lindemann’s fomnila can be applitvl 
at least approximately to the case of sulphur, and the liiif‘ cm ' is as.sumed to be due 
lattice oscillation, it is difficult to understand the above change in position of the line with the 
change of temperature. It will be seen from the abcjve facts that Jhe conclusions drawn by 
Venkateswaran in the case of sulphur lack in foundation. 
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